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Abstract
A sedimentation study of Lake Albert, a small lake artificially created at the turn of the century, was conducted 
to determine the amount, rates of accumulation and sources of sediment in the lake. A series of diversions 
of near by creeks has resulted in the accumulation of relatively complex deltaic sequences adjacent to the 
diversion outfalls. Sediment now fills approximately 9% of the original volume of the lake basin. At the 
present rate of sediment accumulation the lake may be significantly filled in about 600 years, although this 
projection will be modified by climatic and catchment related factors during that time.
Stratigraphic, mineral magnetic and radionuclide techniques were used to demonstrate that a rapid and 
sustained transition in source composition had occurred on the principal delta. 137Cs data and historical 
evidence indicated that this event occurred in the early 1960’s. The post-transition sediments were traced 
to a local source, namely a large erosion gully which had formed in the adjacent diversion channel. 
Radionuclide results showed that the most likely source of pre-transition sediments was stream channel bank 
alluvium. A relatively minor amount of sediment derived from topsoil was also detected in the pre-transition 
sediments.
Measurements of naturally occurring radionuclides in channel sediments at the first confluence of one of 
the major lake tributaries clearly showed that sediments from the two contributing subcatchments are 
distinguishable. The spatial and temporal continuity of channel sediment composition was demonstrated, 
proving the applicability of this technique to sediment tracing studies.
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Introduction 1
1 Introduction
1.1 Study Aims
The principal aim of the study is to describe the nature of sedimentation in Lake Albert. In particular the 
amount of sediment which has accumulated since the lake was formed and the rate of sediment supply is to 
be investigated. By studying the stratigraphy any changes in the sediment character which have occurred 
during the life of the lake will be ascertained. These changes may then be related to events that have taken 
place in the lake’s catchments. The possibility of tracing the sources of sediments entering the lake was 
also considered. The use of natural tracers such as magnetic minerals to fingerprint sediment sources has 
been applied with some success in the United Kingdom and North America. Naturally occurring 
radionuclides may also serve as tracers. Although these techniques are relatively untried in Australia, their 
application to determining sediment sources was included in the study.
Interest in sedimentation in the lake arose from a land resources study of the Lake Albert catchment 
(Aveyard, 1985) by the NSW Soil Conservation Service. As well as providing a physical land resource 
inventory, the study also attempted to assess the amount of sediment in the lake. A sediment core sampling 
program was undertaken on surveyed lake transects and the volume and rate of accumulation of lake sediments 
estimated. It was intended that the second stage of this study would;
’identify major sediment sources, and determine the 
relationship between soil type, slope, land use, 
landform element and climate with erosion and 
sedimentation7 (Aveyard, 1985).
This ambitious task was not attempted by the Soil Conservation Service, but it formed part of the basis for 
this present study.
1.2 History of Lake Albert
Lake Albert is situated on the southern outskirts of Wagga Wagga, New South Wales. Prior to the turn of 
the century, the natural basin which Lake Albert now occupies was known by local residents to be a swamp 
with a small natural catchment. Two stream courses ran close to the western and eastern boundaries of the 
catchment, namely Stringybark and Crooked Creeks respectively (Fig 1.1).
In 1902 a diversion channel was cut from Crooked Creek to the south-eastern comer of the swamp. A weir 
was constructed in the course of the creek to partially divert flows down the channel where a flood gate 
system was installed. The flood-gates were used to prevent flood flows entering the lake and subsequently 
overflowing across the Lake Albert village to Wagga Wagga road.
During prolonged heavy rain (1916-17), part of the Crooked Creek diversion bank was washed away. Some 
stream-flows must have continued to enter the lake as in 1920 a resident reported the lake water being ’clear 
and pure7. Other reports indicate that the lake was about one third of its present size.
In 1932-35, Stringybark Creek was diverted into the lake via a cut channel at the northern end. A flood-gate 
was also installed to restrict the entry of flood water. This diversion now serves as an alternative lake outlet. 
The original outlet was raised to its present level in 1938 when a road bridge was constructed.
3 0009 02881 7919
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1902 Crooked Creek diversion channel, weir & flood gate constructed
1916/17 Crooked Creek diversion destroyed by floods
1932/35 Northern Stringybark Creek diversion & floodgate installed
1938 Lake Albert Road bridge constructed and outlet level raised
1946 Crooked Creek diversion reconstructed
1969/70 Crooked Creek weir blocked off and stream totally diverted
1977 Stringybark Creek diverted to the Southern end of the lake
Fig. 1.1. Historical events affecting Lake Albert.
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A resident reported that during the late 1930’s, no flows were being diverted down the Crooked Creek 
diversion channel. In 1946 the diversion was rebuilt. There are conflicting reports about when the flood-gates 
were removed from the channel. The two periods offered from oral accounts are the early 1930’s or early 
1950’s. The latter is more likely as the flood-gates may be seen on the 1944 aerial photograph. In 1969-70, 
the weir was completely blocked off and all flows down Crooked Creek were diverted into the lake.
The final diversion into the lake occurred in 1977 when a channel was cut from the south-western comer to 
capture the two branches of Stringybark Creek. No flood-gates were installed on this diversion.
The effect of the weir and flood-gates on sediment transport via the Crooked Creek diversion is uncertain. 
It is presumed that the weir caused only a partial diversion of sediment into the lake. It is known to have 
had a ponding effect to the point where its height had to be raised due to the accumulation of sediment behind 
it  The flood-gates may or may not have been closed during particular flood events at the discretion of those 
responsible for their operation.
No written records concerning the operation of the flood-gates were found. The other aspects of the lake’s 
history were obtained from newspaper and other historical archives as well as some oral accounts. The lake 
is known to have dried out in 1914, at some time in the early 1920’s and in 1944. The lake level was also 
very low during the 1968 drought.
1.3 Lake Albert Catchment
Climatic conditions in the catchment are inferred from records of the Wagga Wagga Soil Conservation 
Research Centre situated in an adjoining catchment, 7 km north-west of the lake. Maximum summer 
temperatures are typically close to 30°C and winter maximums around 14#C (Aveyard, 1985). The mean 
annual rainfall of 572 mm (1948-1987) is distributed evenly throughout the year although rainfall intensity 
is greatest from January to March when soil moisture levels and vegetation ground cover will usually be at 
a minimum.
Prior to Lake Albert’s formation, the original basin which the lake now occupies had a catchment of 
121 hectares. The total Lake Albert catchment is now 7697 hectares made up of two major sub-catchments, 
namely Crooked Creek [4689 ha] and Stringybark Creek [2887 ha] (Fig. 1.2). The top water level of the 
lake is 191.5 m (A.H.D.) with a maximum catchment altitude of approximately 480 m on the southern 
boundary.
The greater part of the catchment consists of gently undulating ground with gradients less than 10% developed 
on Quaternary alluvium. The major channels are often deeply incised to depths of 2-3 m. Soils are duplex 
in character and support a mixture of grazing and cultivation.
The southern and western parts of the catchment consist of moderate to steeper hills with gradients up to 
30%. The predominant rock type is Silurian granite with some Ordovician meta-sediments in the 
north-western comer of the catchment. Soils developed on the granite are silicious loams and sands which 
are highly erodible. The hill-slopes are used for grazing.
Gully erosion occurs on lower slopes and together with stream-bank erosion further down slope comprises 
the most obvious sources of transported sediment. The major streams are actively transporting sand and 
fine gravel as bed-load via incised channels. Virtually no silt and clay is visible in the active stream-beds 
however some in-channel storage of fines is likely to occur on vegetated, low level terraces.
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1.4 Lacustrine Sedimentation
Previous studies of lacustrine sedimentation have focused mainly on large, thermally stratified lakes such 
as the Great Lakes of North America (e.g. Sly, 1973). In this section the sedimentation processes which are 
likely to be dominant in small, shallow lakes such as Lake Albert will be briefly described. The application 
of sedimentation studies to investigations of environmental and paleohydrological changes will also be 
discussed.
The physical conditions which control sedimentation in lakes include climatic factors, the nature and size 
of watersheds, river inflows, basin morphology, as well as lake orientation and associated wind effects. Sly 
(1978) defined lake response to various forms of physical input (Fig. 1.3). In small lakes, some of these 
effects will tend to dominate over others. In particular, river inflows and wind effects will be important 
mechanisms affecting sedimentation processes.
Fluvially dominated deltas are likely to be an important, if not the main influence on sedimentation in small, 
shallow lakes. There is an extensive literature on deltaic sedimentation, much of it relating to large, complex 
deltaic systems such as that of Mississippi River (e.g. Coleman & Gagliano, 1965; Coleman, 1988). Little 
appears to have been written about small, relatively simple deltaic systems, although it is likely that 
’simplicity’ only relates to scale and not to the nature of sedimentation patterns. Deltaic sedimentation as 
it applies to Lake Albert will be discussed in a later chapter.
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RESPONSE River Plumes Density Flows Mixing
Fig. 1.3. Lake responses to various forms of physical input (modified from Sly, 1978)
River inflows may also be dispersed as plumes which develop because of density differences between the 
discharged and lake water. This is usually attributed to temperature differences, however in shallow lakes 
temperature contrasts between lake and river waters are likely to be less important than those due to suspended 
sediment concentrations. Plumes may travel as discrete units for some distance into a lake, there being a 
general logarithmic relationship between particle size and distance from the tributary mouth (Hakanson & 
Jansson, 1983). In the Southern Hemisphere the Coriolis force will tend to move a plume to the left, although 
the effects of bottom friction in shallow lakes is likely to nullify this reaction.
An episodic sediment dispersal mechanism involves turbidity currents1 which are initiated in metastable 
sediments on delta fronts. Material is then relocated via an undercurrent of higher suspended sediment 
concentration than exists in the water above. The initiation process may be related to a combination of low 
lake levels and high wave energy operating on an exposed delta front (Pharo & Carmack, 1979). Basin 
morphology which results in the formation of a long and steeply inclined* delta slope must also assist the 
initiation and sustaining of turbidity currents through slumping. These conditions are less likely to occur in 
shallow lakes.
The effect of wind on lake sediments occurs through current generation and wave action. In small, shallow 
lakes it is unlikely that currents of sufficient velocities are generated to enable erosion of sediments (Hilton 
et al., 1986). Wave characteristics are determined not only by wind speed but also by the duration and 
effective fetch, which is a measure of the free water surface over which wind acts on waves. The base of 
the wave-mixed layer is estimated to be 50% of the wave length (Smith, 1979). Where the water depth is 
less than one half of the wave length, wave energy has the potential to erode bottom sediments. Entrainment 
depends not only on wave energy but also upon particle size and water content. A less well defined but 
important factor in sediment entrainment is the cohesive nature of the material.
1 According to Hakanson and Jansson (1983), the terms density current and turbidity current are used 
synonymously.
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Paleohydrological and environmental studies based on sedimentological evidence have been used to infer 
climatic change from variations in lake levels, determine temporal changes in catchment conditions through 
alterations in sediment yield (Dearing & Foster, 1986; Winter & Wright, 1977) and changes in sediment 
sources using natural tracers (Oldfield et al., 1984; Bradshaw & Thompson, 1985; Caitcheon et al., 1988). 
Stratigraphic successions found in lakes may record a continuous sequence of events, which in turn reflect 
the hydrological responses of catchments to those events. By combining techniques to date and characterise 
stratigraphic sequences, it is possible to deduce a history of catchment erosion (Wasson et al., 1984).
Most studies use one or more dating techniques to establish the continuity of stratigraphic sequences (Oldfield 
et al., 1983). It is also necessary to demonstrate that the key core samples analysed are representative and 
not just the product of local phenomena. This may be accomplished by correlating cores taken at intervals 
sufficient to determine the spatial variability. A number of methods is available, including visible 
stratigraphic markers, fossil and chemical records as well as particle size analysis (Dearing, 1986).
1.5 Environmental Magnetism
The magnetic properties of naturally occurring magnetic minerals have been used in a considerable number 
of environmental studies. The technique offers a means of rapid, non-destructive and sensitive 
characterisation o f mineral magnetic assemblages present within natural systems. Some of the basic 
principles involved in environmental magnetism will be briefly discussed, as well as two applications relevant 
to this study, namely stratigraphic correlation and sediment source tracing.
All substances exhibit some degree of magnetic behaviour associated with the motion of electrons. The 
nature of the magnetic behaviour is determined by electron spin interactions and the nature of electron spin 
alignment with an applied field. Diamagnetism is the most common magnetic response to an externally 
applied magnetic field. A very weak, negative magnetisation occurs which is lost as soon as the external 
field is removed. Many iron minerals are paramagnetic (Table 1.1). In an applied magnetic field paramagnets 
acquire a weak, positive magnetisation which is also lost upon removal of the field.
Table 1.1. Forms of magnetic behaviour (modified from Oldfield, 1987).
Spontaneous
Magnetisation
Remanence Examples
Diamagnetic Very Weak None Quartz, Calcite
Paramagnetic Weak None Ferrihydrite, Lepidocrocite
Ferrimagnetic Strong High Magnetite, Maghemite
Anti­
ferromagnetic
Weak Low Haematite, Goethite
The most important forms of magnetic behaviour as far as environmental magnetism studies are concerned, 
involve iron minerals which are capable of retaining magnetisations in the absence of applied magnetic 
fields. One of these forms, known as ferrimagnetism, includes iron oxides which have magnetic moments 
that are positively aligned in the presence of an applied field. Spontaneous magnetisation arises from parallel 
alignment of magnetic moments in neighbouring atoms. The forces produced are considerably greater than 
those found in diamagnetic and paramagnetic substances.
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Antiferromagnetism occurs in iron oxides where the arrangement of the crystal structure results in self 
cancellation of parallel but opposite magnetic moments. The net effect is to cancel out any spontaneous 
magnetisation, however, if the magnetic moments are not completely antiparallel a weak magnetisation can 
result. This is known to as canted antiferromagnetism.
The forms of magnetic behaviour discussed above are modified by magnetic grain size, shape and structure. 
Magnetic grain size is an important and measurable attribute of ferrimagnetic minerals which tend to dominate 
magnetic assemblages by virtue of their considerably stronger magnetisations (magnetic susceptibility of 
magnetite is lO-lOOOx that of haematite, Oldfield, 1987). The approximate magnetic grain size (distinct 
from particle size) boundaries for magnetite are given in figure 1.4a. In a large grain, the magnetostatic 
energy is minimised by subdivision of the grain into multiple domains (MD) which spontaneously magnetise 
in one direction. At a critical grain size, also determined by grain shape, only stable single domains (SSD) 
will be able to form. Since this boundary is not well defined, grains of intermediate properties are termed 
pseudo-single domain (PSD).
(a)
1.0
MULTIDOMAIN
%
PSEUDO SINGLE DOMAIN0.10 -  
0.08 - 
0.06
0.04 -I STABLE SINGLE DOMAIN
0.02 -  
o -
_______FIN_E_VISCOUS_______
SUPERPARAMAGNETIC
(b)
Fig. 1.4. (a) Magnetic grain size boundaries, (b) IRM acquisition curve for a mixture of magnetite and 
haematite (Oldfield, 1987).
The lowest ferrimagnetic grain size threshold is determined by room temperature thermal vibrations of the 
same order of magnitude as the magnetic energies. These ultrafine magnetic grains, known as 
superparamagnetic (SP), are unable to maintain stable remanent magnetisations in the absence of an applied 
field due to thermal randomising effects. Superparamagnetic behaviour is altered by temperature and grain 
interactions. This also applies to other grain sizes. The magnetic character of larger grains is also modified 
by magnetic anisotropy. Anisotropy and grain interactions are not normally considered in mineral magnetic 
studies as they tend to be difficult to isolate from other, more dominant effects. Also, most measurements 
are conducted at room temperature.
Observations in environmental magnetism are made by subjecting a sample to an applied magnetic field and 
measuring the response. This may involve an in-field measurement or determining the remanence remaining 
after a field has been applied (Table 1.2). The phenomenon which describes the relationship between an 
applied field and non-reversible magnetisation in certain iron minerals is known as hysteresis. At low applied 
field strengths the magnetisation process is linear and reversible. This is the range in which magnetic 
susceptibility (x)(Thompson & Oldfield, 1986) is measured in an alternating field. % is sensitive to both 
non-remanence and remanence holding substances. If a second measurement is made at a higher frequency 
then the difference between the two is the frequency dependent susceptibility (xfd). This parameter is
Introduction 8
particularly sensitive to grain sizes spanning the stable single domain - superparamagnetic boundary, 
sometimes referred to as fine-viscous (FV) because these grains show a degree of time dependent loss of 
remanence.
Table 1.2. Magnetic parameters.
Magnetic Parameter Symbol S.I. Unit Derivation
magnetic susceptibility K dimensionless volume
% m^g'1 mass specific
frequency dependent Xfd m^g'1 Xi/~Xhf
susceptibility % ,A (Xif-XhfVXX ioo
isothermal remanent IRM, Arrrikg’1
Anrikg'1
fRM ^O m T
magnetisation IRM, SIRM - IRM300mT
IRM,% Anrikg'1 (IRH/SIRM )xl00
IRM,% Anrikg'1 (IRM^SIRMjxlOO
saturated isothermal 
remanent magnetisation
SIRM Anrikg*1 fRM gSOmT
anhysteretic magnetisation ARM Anrikg'1
anhysteretic susceptibiliby X a r m n^kg'1 ARM/Am'1
T = Tesla, A = ampere
Beyond the threshold o f susceptibility measurements, ferrimagnetic and antiferromagnetic substances 
magnetised in a direct field follow a forward isothermal remanent magnetisation (IRM) acquisition curve 
(Fig. 1.4b) to apoint of saturation (SIRM). IRMat an applied field of 20 mT is indicative o f ’soft’ ferrimagnets 
above and below magnetically ’harder’ SSD grain sizes (Oldfield, 1987). Maher (1988) showed that synthetic 
magnetite of varying grain sizes was saturated after being subjected to an applied field of 300 mT. Any 
further acquisition of remanence in a sample may therefore be attributed to an antiferromagnetic component. 
A remanence parameter independent of hysteresis effects is anhysteretic remanent magnetisation (ARM) 
which is measured by subjecting a sample to an increasing then decreasing alternating field in the presence 
of a weak steady field. King et al.(1982) showed that anhysteretic susceptibility (Xarm - ARM normalised 
to the applied steady field) is sensitive to the presence of SSD and small PSD grains.
The use o f volume susceptibility measurements provide a quick and easy means of core correlation, 
particularly when compared to other methods. Dearing (1983) successfully used bulk magnetic susceptibility 
to correlate sedimentation patterns over a small lake basin in southern Sweden. Other studies have used this 
technique (Blowmendal et al., 1979; Thompson & Morton, 1979) to establish synchroneity and extend 
established chronologies. The method may also be used to demonstrate the existence of non-correlatable 
sequences resulting from the sorts o f sedimentation processes discussed in the previous section. Where 
possible, other methods should be used to confirm sequences of magnetically correlatable horizons.
Mineral magnetic studies have been used in a number of environments to identify the sources of allocthonous 
lake sediments (e.g. Stott, 1987; Oldfield etal., 1985; Bradshaw & Thompson, 1985; Thompson & Morton, 
1979). In most of the cases reviewed, subsoil was found to be magnetically distinguishable from overlying 
topsoil. The differences stem from a dominance of primary magnetic oxides in the subsoil and secondary 
minerals formed as the result of pedogenic processes in topsoil (Mullins, 1977).
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There are no known published sediment sourcing studies in Australia which utilise mineral magnetics. 
Australian conditions are likely to differ from those cool to temperate regions where the Northern Hemisphere 
studies previously mentioned were conducted. In those cases the landscapes are younger, with soils often 
developed on relatively unweathered, post-glacial parent material. Also, climatic conditions are wetter and 
soil organic matter levels are higher, resulting in a greater intensity of reduction-oxidation cycles. This is 
one of the factors described by Mullins (1977) as being important in the production of microcrystalline 
magnetite and maghemite in soils.
By contrast, Australian landscapes are older and the climate drier. Much of the current erosion in the 
south-east of the continent in particular, occurs in a succession of previously deposited valley fills or in 
deeply weathered regolith. In other words, soil profiles developed on primary parent rocks represent only 
a relatively small proportion of the active sediment source areas and the opportunity for the magnetic 
enhancement of topsoils may be somewhat less than in wetter regions.
Burning is another mechanism described as causing ferrimagnetic mineral formation in soils (Le Borgne, 
1955). This occurs when reducing gases are produced from the combustion of organic matter with iron 
oxides being reduced to magnetite. Anthropogenic and natural fires may be a relatively common feature of 
the Australian environment, however as Mullins states, 'if insufficient or no organic matter is present in the 
soil, the reaction and consequent large increase in soil (magnetic) susceptibility are correspondingly less'. 
Organic matter contents in Australian soils are typically low, around 1 %-4%, so reducing the potential effect 
of this mechanism.
1.6 Radionuclides
Naturally occurring and anthropogenic radioactive nuclides have been used for establishing chronologies 
in lakes since the late 1960’s. Their use as determinants of sediment sources is much less widespread although 
it is a developing technique. Man-made radionuclides such as 137Cs, the product of atmospheric nuclear 
weapons testing (Wise, 1980), have been used as chronometers and tracers (e.g. Burch et al., 1988; Loughran 
et al., 1986; Durham & Joshi, 1980). Of interest also, are radionuclides with very long half-lives present 
during the formation of the earths crust, in particular the long lived isotopes of uranium and thorium (238U, 
235U, 232Th) and their daughters. Specific daughter products of U-Th series nuclides such as 210Pb have proved 
useful in limnochronology and sediment sourcing studies (e.g. Wasson et al., 1987; Edgington et al., 1977; 
Matsumoto, 1975).
The 238U decay series proceeds through a number of short and long half-life radionuclides to 226Ra. The 
subsequent major decay path is shown in Fig. 1.5. 226Ra occurs naturally in subsoils and soils and enters 
lakes with other stream transported sediments (Krishnaswami & Lai, 1978). 210Pb may also reach lakes in 
this manner, in approximate secular equilibrium with its parent 226Ra. An intermediate decay step between 
these two is ^R n, a gas which can diffuse into the soil gas and into the atmosphere. This change in phase 
destroys the original 226Ra-210Pb secular equilibrium. An atmospheric flux of 210Pb to land and water surfaces 
then occurs (Fig. 1.6), with the result that an excess of unsupported 210Pb (designated 210Pbu) can accumulate 
in topsoils and lake sediments. Depending on which of the two fluxes dominates, the stream transported or 
atmospheric flux, then210Pb may be used as a tracer or chronometer respectively (Wasson et al, 1987).
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stable
Fig. 1.5. Major decay products of ̂ R a .
In lakes where the atmospheric 210Pbu component dominates, the radioactive decay equation is used to express 
the change in concentration of 210Pb by decay with time, t :
? = -W  (l)
where N  = number of atoms of 210Pb and X = decay constant (Littlefield & Thorley, 1970). As a chronometer, 
210Pb is useful up to about 5 half-lives (110 years) when 3% of the original activity will remain.
Introduction 11
The mean annual atmospheric flux o f 210Pb to the earth’s surface for Sydney between 1964 and 1970 was
5.3 mBq/cm2/year and for Melbourne, 5.0 mBq/cm2/year (Bonnyman and Molina-Ramos, 1971). At 
equilibrium the integrated excess activity in the soil column will equal the fallout rate, that is,
A=XN (2)
where A is the equilibrium activity (Bq/cm2/year). N  (number of atoms/cm2/year) and X (s'1) are defined 
above. The equilibrium activity is 5.15 mBq/cm2/year if the mean of the fluxes for Sydney and Melbourne 
is taken and X is 9.85xlO'10 s'1. Substitution into equation (2) gives a surface activity of 170 mBq cm'2. 
Assuming that the half-penetration depth for 210Pb fallout is about 2 cm, that is, 50% of the fallout 210Pb will 
be retained in the upper 2 cm of an undisturbed soil, then 85 mBq cm'2 will be retained in the top 2 cm. This 
is equivalent to a mean concentration of 30 mBq g'1 if  a soil density of 1.4 is assumed. The world crustal 
average for uranium series nuclides is about 40 mBq g'1 (Ivanovich & Harmon, 1982). This value is similar 
to unpublished data from the Southern Tablelands of NS W (Murray, pers. comm.). Therefore approximately 
40% of the total activity in the top 2 cm of topsoil may be attributed to unsupported lead.
For a cultivated topsoil all of the fallout activity will tend to be uniformly distributed to some depth, say 
20 cm, giving a 210Pbu concentration of about 6 mBq g'1 or about 12% of the total. The discussion above 
assumes that topsoils remain undisturbed for about 5 half-lives so that equilibrium is established with the 
210Pb fallout. Topsoils which have not undergone some degree of erosion are likely to be the exception rather 
than the rule, so the proportions of 210Pbu calculated above will be further reduced.
Significant levels of 137Cs were produced as the result of atmospheric nuclear weapons testing which 
commenced in 1954, principally in the northern hemisphere. Fallout in the southern hemisphere is 
approximately 4 times lower than in northern latitudes (Schell & Barnes, 1986). 137Cs is strongly absorbed 
onto exchange sites o f clays and so accumulates in topsoil. In reaching lakes, 137Cs follows similar pathways 
as 210Pbu. The first appearance of 137Cs in a sediment profile is taken to be 1954-55 in the northern hemisphere, 
however this date needs to be put forward for southern latitudes due to delays in atmospheric transfer from 
the north and lower overall detectable concentrations.
Longmore, et al. (1983) determined the annual fallout rate for 137Cs at Brisbane (25° south) corrected to 
1978. These data are presented in Fig. 1.7 corrected to 1988. A correction to 35° south (Wagga Wagga) 
has also been made using Lai and Peters (1967) fallout curve for latitude correction. The integrated 137Cs 
curve shows that 137Cs is probably detectable at present day concentrations from some point in the late 1950’s 
(see below). The maximum integrated fallout rate corrected to 1988 and 35° south is approximately 100 
mBq cm'2. If the same assumptions for 210Pb retention in the upper 2 cm of an undisturbed topsoil are applied 
to 137Cs, then the mean concentration is approximately 17 mBq g'1. For a cultivated topsoil the average 
concentration is about 4 mBq g'1.
Although the mean concentrations of 137Cs in the examples given above are lower than the equivalent 210Pb 
values, the uncertainties about lead measurements are considerably higher. Measurement errors for optimum 
mass 137Cs measurements are about plus or minus 0.3 mBq g'1 (see appendix 7.1) whereas errors on 210Pb 
are about 3 mBq g'1 (ref. Table 3.4). Of greater concern in the case of 210Pb however, is the uncertainty about 
the amount o f supported lead, the value of which is taken directly from the ^ R a activity. As there are ^ R n  
gas losses from a soil system, a disequilibrium occurs between ̂ R a  and its daughter ̂ R n  to varying degrees 
depending in part on the depth within a soil profile, soil moisture and porosity (Tanner, 1980). In deep soil
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profiles, data from Murray (1981) have a mean ^ b / ^ R a  ratio of 0.88±0.15. At shallower soil depths ̂ 2Rn 
losses from the system will be greater as will the supported 210Pb to ^ R a  disequilibrium. The extent of this 
disequilibrium is very difficult to measure in an actual soil profile.
Fig. 1.7. Integrated 137Cs fallout calculated for Brisbane and subsequently corrected to 1988 as well as the 
latitude of Wagga Wagga.
From the data presented in the previous discussion and in Fig. 1.7, an estimate may be made of when the 
first arrival of 137Cs in topsoils is detectable. This date may then be related to the minimum detectable level 
of eroded topsoils in lake sediments. The minimum detection level can be defined as that value which has 
±30% errors. Using 0.3 mBq g'1 from above as being the typical uncertainty value, then an approximate 
minimum detection level is 1 mBq g'1. In the upper 2 cm of an undisturbed topsoil the mean 137Cs 
concentration is about 17 mBq g'1 which is equivalent to 100 mBq cm'2. Therefore 1 mBq g'1 is equivalent 
to about 6 mBq cm'2. From Fig. 1.7, 1957 was the first year in which the integrated fallout exceeded this 
value. However, some topsoil erosion will almost certainly have taken place, thus decreasing the 
concentration of 137Cs. In addition, there will have been some delay between the initial erosion and subsequent 
sedimentation in the lake. Both of these influences will effectively delay the date by which caesium will be 
first detectable in the lake sediments after 1957. This argument assumes that the distribution of 137Cs in the 
lake with respect to sediment type and particle size is the same as in the eroding topsoil. This may not be 
the case but it is difficult to predict whether or not differences in soil and sediment characteristics will move 
the first detectable date forward or backward. Also, this discussion takes no account of the effect of mixed 
topsoil and subsoil sources or of the atmospheric 137Cs component which may be significant in lake sediments. 
Site specific data which consider these aspects are presented in section 3.2.
The use of radionuclides as chronometers requires that there is little or no reworking of sediments after 
deposition. This includes mixing mechanisms such as bioturbation. It is also assumed that radionuclides 
are redistributed as part of an erosion mechanism rather than chemical processes. Torgersen and Longmore 
(1984) however, reported the diffusion of 137Cs in highly organic lake sediment where dissolved humic acids 
can maintain trace metals in a dissolved form. 210Pb is apparently unaffected by this process. Another 
potential difficulty involves lag-times between removal from the catchment source and arrival at the sink.
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Transit times of the order of, or greater than a half-life, will adversely affect the technique. Since these 
nuclides are strongly associated with the clay fraction it is more likely that much shorter source-to-sink 
transit times are involved.
An advantage o f over 137Cs is that the former is continually produced from the 238U decay series whereas
the occurrence of 137Cs is essentially due to a one-off event over a relatively short period. The discussion 
above, however, indicates that as a topsoil tracer, caesium is more sensitive than lead. There are also 
uncertainties regarding the secular equilibrium of supported 210Pb with its parent, ^R a, in topsoil systems. 
These radionuclides are, however, o f great value as chronometers and in sediment sourcing studies.
Study Methods 14
2 Study Methods
2.1 Sampling
A combination of lake and catchment based sampling was undertaken to determine the nature of 
sedimentation in the lake and ascertain the characteristics of potential source materials in the Crooked Creek 
catchment Because of the necessity to limit the number of catchment samples, only sediments in active 
transport (stream channels), material which was observed to be actively eroding (channel banks) and 
integrates of topsoil (farm dams) were sampled.
2.1.1 Lake S ampling
The initial core sampling in the lake was carried out by officers of the NSW Soil Conservation Service, 
Wagga Wagga, in 1985. Seven surveyed east-west transects and one north-south transect were used and 38 
cores recovered. These samples adequately defined the variability of sedimentation patterns in the main 
body of the lake, however, closer spaced sampling was required to elucidate the nature of sedimentation in 
the Crooked Creek, southern Stringybark Creek and northern Stringybark Creek deltas. A further 39 cores 
were subsequently obtained from the subaerial and subaqueous portions of these deltas (Fig. 2.1).
Cores were obtained from a boat using polycarbonate and PVC core tubes attached to rigid extension rods. 
The corer was then hammered through the lake sediment into the underlying swamp clay which plugged the 
bottom of the core tube. Seven cores were take from the subaerial parts of the Crooked and Stringybark 
creek deltas using an Atlas-Copco soil corer. This is a pneumatically operated, trailer mounted, machine 
designed to sample 1 m cores. Cores o f over 3 m were obtained by glueing sections of PVC together when 
the pneumatic rams reached their extension limit.
All land and water based lake core sites were located using a surveying theodolite and range finding 
equipment. This method permits highly accurate placement of the core sites. The water depth at each core 
site was noted as was the depth the corer penetrated the sediment. The latter was calculated by subtracting 
the water depth from the length o f corer and extension tubes below the water surface. As the sediment is 
compressed during coring, an estimate was made of the uncompressed sediment thickness by multiplying 
the recovered sediment thickness by the ratio of the depth penetrated by the corer to the recovered core 
length (lake plus pre-lake sediment). This calculation may result in an over-estimation of the in-situ sediment 
thickness as there is unlikely to be linear compression of the core down its length.
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Fig. 2.1. Lake Albert core locations.
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2.1.2 Catchment Sampling
The catchment sampling included stream channels, channel banks (including gullies) and farm dams in 
Crooked Creek catchment. Channel grab samples were taken from below and immediately up-stream of 
confluences (Fig. 2.2). This sampling method is commonly used in geological prospecting to differentiate 
between potential source areas. Channel bank samples were obtained from sections of active and non-active 
bank erosion. These ranged from vertical banks to more inclined profiles. A few surface samples were also 
taken from elevated hill slopes.
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A search was made in the Crooked Creek catchment for farm dams which had been accumulating 
predominantly topsoil derived sediment for at least 10 years. Three such dams were found and cores obtained ’ 
using a similar method to that employed in the lake sampling. The dams were located on lower slopes and 
low gradient areas with little or no channel incision. One dam was located in a subcatchment used only for 
grazing while the land use in the other two subcatchments was mainly cultivation.
2.2 Core Treatment
All sediment cores were magnetically logged (see next section) before being split in half longitudinally and 
one half put aside for future reference. Each core was then lithologically described, noting colour, texture, 
sedimentary features and other physical attributes of stratigraphic units (see appendix 7.2). A set of 
representative cores was selected and contiguous subsamples taken, either on a stratigraphic unit basis or at 
regular depth increments within thicker units. Subsamples from core CCD2 were wet sieved on 2 mm and 
63 Jim sieves and the particle size fractions set aside for mineral magnetic and radionuclide measurements.
A l e e  portion of the subsamples was used for bulk density and loss-on-ignition measurements. Each portion 
was weighed and dried at 105* C to a constant weight. The samples were then placed in a kiln for 2 hours 
at 550° C and weighed again. Water content, loss-on-ignition and bulk density were calculated using the 
method described by Hakanson and Jansson (1983).
2.3 Mineral Magnetics
Each core was magnetically logged using a Barrington susceptibility meter and loop sensor (Barrington 
Instruments, 1985). On the basis of these results and the visual evidence, representative cores were selected 
from the proximal to distal parts of the deltas and subsampled as described in the previous section. All of 
the catchment samples were prepared for measurement. Sample preparation involved drying at 40° C, 
packing into plastic cubes and the samples’ weights recorded. Each sample was subjected to magnetic 
susceptibility, ARM and IRM measurements (see section 1.5).
In order to determine the effect of oxidation and storage on the magnetic mineral assemblage in the lake 
sediment, a core (SCN2) was sealed immediately after recovery. The core was opened in the laboratory and 
wet sediment subsamples sealed in plastic cubes with minimal exposure to the air. The full range of magnetic 
measurements was then made. Duplicate subsamples were dried at 40° C and also measured. After 
subsampling the core was wrapped in plastic and stored for 8 months in a 15° C controlled temperature room. 
Measurements were then made on wet and dried subsamples from the same depth intervals.
Mass specific susceptibility readings were made using a Barrington susceptibility meter and M.S.2B dual 
frequency (0.5 kHz and 5.0 kHz) sensor. ARM remanences were imparted at a peak alternating field of 
100 mT and a steady field of 0.04 mT. IRM’s at 20 mT, 300 mT and 850 mT were imparted using a Molspin 
pulse magnetiser. All remanence measurements were made on a Molspin fluxgate magnetometer (Molspin, 
1982). For the IRM’s, a 15 second, computer timed delay between magnetisation and measurement was 
used so that all samples underwent equivalent treatment with respect to time dependent viscous loss of 
remanence. This occurs in multidomain, and to a lesser extent in fine-viscous grains, after they have been 
removed from a magnetising field.
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2.4 Radionuclides
Due to analysis limitations, core CCD2 was selected as the type site on the basis that it had the greatest 
amount of stratigraphic variability and potentially contained the longest sedimentary record, that is 1902 to 
the present. The <63 |im and 63 Jim - 2 mm fractions from this core underwent analysis by gamma 
spectrometry. Subsamples from the <63 pm fraction were also analysed by alpha spectrometry. As part of 
the in-channel sediment tracing experiment, samples from the lower part of the Crooked Creek channel 
(63 Jim - 2 mm fraction) were prepared for gamma counting.
2.4.1 Gamma Samples
The method used to measure the gamma spectra is described in detail by Murray et al. (1987). Samples 
were reduced to powder and homogenised in a ring grinder, then cast in polyester resin. The casts were left 
for a period of approximately 23 days to allow the ̂ n  activity to equilibrate with its parent, ̂ R a. Gamma 
counting was carried out using a Canberra gamma-spectrometer, n-type intrinsic germanium detector and 
either 201 cm3 cup or 33 cm3 disk sample geometries.
The activity of 232Th is calculated from the mean of two of its daughters, ^R a and ^Th. The ratio of these 
two radionuclides is nearly constant (see appendix 7.1) indicating that they are in secular equilibrium with 
their parent
2.4.2 Alpha Samples
The procedure for radiochemical analysis of 210Pb is described by Martin and Hancock (1987). This involves 
taking 0.5 g of the <63 Jim fractionated CCD2 samples and digesting them with a “ ^ o  yield tracing spike. 
Polonium is extracted after sample digestion from 5 M HC1 into 0.1% DDTC in chloroform. DDTC is 
destroyed after evaporation of chloroform with nitric acid. The polonium is autodeposited onto nickel disks 
and set aside for 2 days before counting. A Canberra alpha-spectrometer with a silicon surface barrier 
detector was used for counting for periods up to 86 ks depending upon the activity of the sample.
As the alpha-spectrometer sample preparation and counting was in the initial commissioning stages, three 
duplicate samples were also analysed by gamma spectrometry as a preliminary check on the alpha results. 
The 210Pb measurements from the gamma-spectrometer are on average 5% higher than those of the 
alpha-spectrometer (see appendix 7.1 and table 3.4). However the final conclusions reached are not altered 
by this discrepancy.
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3 Sedimentation In Lake Albert
3.1 Physical Sedimentation
Lake Albert occupies a small natural basin which, prior to the lake’s formation, was a swamp. In 1902 the 
construction of an earth embankment at the swamp’s outlet and the diversion of Crooked Creek resulted in 
the formation o f a reservoir which has been trapping sediment almost continuously since that time. As a 
consequence, relatively thick deltaic sequences have formed adjacent to the Crooked Creek outfall from 
1902 and at the Stringybark Creek outfall since 1977. A subaqueous fan has accumulated during the period, 
1932-1976 when Stringybark Creek was diverted into the northern end of the lake. Deposits in the main 
body of the lake consist of a relatively thin veneer of fine sediment.
The lake basin is approximately triangular in shape with the longitudinal axis orientated almost north-south. 
Prevailing winds are from a westerly direction. Local topographic effects will modify these winds, however, 
it is expected that most winds will blow across the lake. The bottom of the lake basin is relatively flat with 
short, steeper, margin gradients. The maximum depth is approximately 3.7 m with a mean depth of
3.2 m (Fig. 3.1). Surface area and lake volume estimates are 125 ha and 3.64 x  106 m3 respectively.
Sedimentation in the lake is dominated by allochthonous material from inflowing streams. These are 
ephemeral in character, however no hydrological data is available to quantify this. Most of the sediment 
has probably been deposited by periodic flash floods which rapidly dissipate flow energy in the relatively 
still lake waters. The capacity of such flows to intensively re-work sediment is difficult to quantify. Inflow 
characteristics are described with respect to the relative densities of the incoming current and lake water. 
Density differences due to temperature and suspended sediment load are likely to be slight, however, and 
the shallow nature of Lake Albert means that bottom friction is significant in current dissipation with three 
dimensional mixing most likely to occur. Sediments are dispersed radially as current velocities rapidly 
decline resulting in narrow, lobate, fan deltas. Axelsson (1967) reports that density contrasts as low as 
0.0003 between inflowing river and lake water are sufficient to form density currents. It is therefore possible 
that underflow conditions may sometimes exist.
The records of sedimentation in the Crooked Creek delta and the northern subaqueous fan are complicated 
by the use of flood gates on their respective diversion channels. The gates were operated in an undefined 
manner, presumably during some, but not all flood events. The effect of the weir on the Crooked Creek 
diversion is another complicating factor. As it is situated adjacent to a relatively straight section of channel, 
the main impetus of flood flows would have tended to carry sediment past the weir, although some spill-over 
of suspended load would have occurred. The old northern diversion inlet (now an alternative outlet) is a 
narrow channel of limited capacity. This restriction has undoubtedly reduced the sediment carrying capability 
of inflows and modified the subsequent deposition.
Lake levels have varied considerably in the past. Periods of draught have caused the lake to dry up on at 
least three occasions while dry spells have resulted in reduced lake levels. These situations permit incision 
of distributary channels and re-working of previously deposited sediments. The effect of subsidence in delta 
areas due to isostatic loading is expected to be insignificant compared to hydrologically controlled lake level 
fluctuations.
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Fig. 3.1. Bathymetric map of Lake Albert. Contours are A.H.D.
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3.1.1 Crooked Creek Delta
Sediments from Crooked Creek have been deposited in the lake in the form of a lobate, fan delta which has 
a maximum thickness o f 4.2 m. The present subaerial part of the delta consists of a vegetated delta plain 
with a well defined, 1 m deep incised distributary channel. The subaqueous, prodelta slope dips 2°-3° to 
nearly flat lying distal slopes. A plan of the current delta is shown in Fig. 3.2. A comparison with other 
plans views taken from a sequence of aerial photographs reveals the dynamic nature of the delta formation. 
It is not possible to determine the rate of progradation from this sequence as lake levels at the time the 
photographs were taken are not known. The 1944 plan view for example gives the impression that the 
subaerial part of the delta is larger than in 1958, however 1944 was a year in which the lake was reported 
to have dried out.
A comparison o f the 1944 and 1958 plan views indicates that the delta form was relatively stable during that 
period. The plan had altered significantly by 1966 however. The irregular shore line and presence of a large 
mouth bar reveals that substantial deposition of bed load had occurred. This configuration also suggests 
that there had been frequent splitting of shallow, poorly defined distributary channels resulting in the merging 
of frontal bars into a greater distal lobe. By 1971 the frontal bar had either been overlain by sediment, eroded 
or submerged, while the delta plan had become more regular with a small, prograding fan emerging. The 
delta plan is more lobate in 1980 with either an incised distributary channel or natural levees evident. The 
former is more likely given the present configuration. A considerable subaerial extension appears to have 
taken place between 1980 and 1986 when the bathymetric survey was made.
It thus appears that one of the most active periods of progradation recorded occurred between 1958 and 
1966. Since that time the form of the delta has altered with changes taking place in the nature of the 
distributary channel, however the rate of subaerial construction does not appear to have been significant 
again until after 1980. The 1986 survey, which defines the top water level contour, indicates that since 1980 
the subaerial delta has extended almost as far as the 1966 delta front bar. This 1980-86 period is probably 
one of accelerated aggrading rather than prograding.
The Crooked Creek delta, in common with the other deltas in the lake, is fluvially dominated with basinal 
processes having minimal influence. Wave action is foremost among the latter, however, due to the 
moderately sheltered nature of the lake and short, effective fetches, the wave energy available for sediment 
resuspension and re-working is likely to be limited. No evidence of bioturbation was seen in any of the 
sediment cores.
The stratigraphy of the delta is highly variable, in both vertical sequences and spatial distribution (Fig. 3.3). 
Very little apparent spatial continuity exists between strata in adjacent sediment cores. The colour of bedding 
units is relatively uniform both within and between cores. Differentiation of strata is therefore made mainly 
on the basis of texture. Virtually no units could be confidently correlated between cores because of the high 
degree of textural variability over as little as a few tens of metres. Spatial variability may be partially 
explained by the switching of distributary channels as indicated in Fig. 3.2. This would result in rather 
random sequences of fluvial channel and overbank facies in the subaerial delta while more distal, subaqueous 
sedimentation is controlled by the prevailing direction of flow across the delta.
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Fig. 3.2. Crooked Creek delta plans views.
Vertical sequences in the proximal cores showed none of the generally coarsening upward characteristics 
expected of a fluvially dominated, transgressive delta (Miall, 1976). In this case, finer sediments are overlain 
by coarser sediments as the delta progrades. The proximal stratigraphy of the Crooked Creek delta mainly 
consists of alternating finer and coarser units. This can probably be attributed to the ephemeral and flash-flood 
nature of the flow regimes which dominate sedimentation. Individual flood events may be capable of 
transporting the full spectrum of particle sizes while lesser events only transport and deposit finer fractions. 
Thus vertical sequences are dependent upon the variable nature of these flows as well as the spatial proximity 
of distributary channels.
Beds are generally thickest in the proximal parts of the delta (up to 34 cm) while laminations occur in all 
depositional environments. Bedding units are visually undifferentiated with the exception of occasional 
laminated units which tend to be more common in the proximal cores. The lack of internal structure within 
bedding units is common to all of the lake sediments. Contacts between strata are predominantly sharp with 
little visible evidence of erosive contacts. Dip on bedding planes is also rarely seen. These last two 
observations may be due in part to the limited sectional view afforded by the 50 mm cores. Despite this, it 
seems likely that the delta lacks true foreset beds, there being simply a very subtle change from the delta-front 
slopes to the prodelta slopes. Dunne and Hempton (1984) found that gradients less than 3° prohibited foreset 
development and Axelsson(1967) defined true foreset slopes as being greater than 10°. The angle measured 
on the delta-front slope from the bathymetric survey is 2°-3\
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Fig. 3.3. Crooked Creek delta graphic logs arranged in relative spatial positions.
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Organic matter, in particular small plant fragments, is found to some extent in all of the lake sediments. 
Several cores from the delta were analysed for loss-on-ignition. Any clear cut trends in the data may reflect ’ 
changes in catchment conditions. No discernible trends were observed and the range of values is given in \ 
Table 3.1. These values are moderately low when compared with other lake and reservoir sediments in the 
region, notably Burrinjuck Reservoir (Wasson et al., 1987) and Lake Burley Griffin (Caitcheon et al., 1988).
The thickest sediment sections occur in the most proximal, and currently subaerial part of the delta. Cores 
obtained here (CCD1-CCD3) contain relatively thick, moderately sorted, occasionally granular, medium to 
coarse sand units, which are most likely to be fluvial, distributary channel deposits. Interbedded between 
these are clayey sands and silty to sandy clay units, probably derived from lower flow regimes or representing 
over-bank deposits. In terms of overall stratigraphy, CCD1 and CCD3 have the closest similarity. CCD2 
on the other hand is composed of a greater number of finer textured units which indicates that this core is 
the site o f a more continuous sequence of over-bank deposits. Laminated units are also more common in 
this core.
A detailed microscopic examination o f the sand fraction in CCD2 showed that the mineralogical composition
1 is almost entirelyr made up of angular to subrounded quartz. Occasional rock fragments, rare mica and an 
unidentified black mineral (not magnetite) made up most of the remaining composition. At unit 21 (Fig. 
3.3) the appearance of a white accessory mineral, probably feldspar, was noted. This mineral was then 
present in the sand fraction down to the base o f the core. In conjunction with this a subtle colour change 
occurs with browns predominating above unit 21 and yellowish browns below. This colour change is also 
apparent at similar sand units in CCD1 and CCD3, thus indicating the occurrence of a synchronous, 
correlatable event of some magnitude. It appears that there has been a change in sediment source for sediments 
above unit 21.
The change in colour observed in the three subaerial cores discussed above is not obvious in the more distal, 
subaqueous cores with the exception of unit 6 in both CC1 and CC5. It seems unlikely however that these 
two cores alone were effected by the source change observed in the most proximal cores. Mineral magnetic 
evidence to support and extend this correlation will be presented in a later section.
The prodelta facies consist mainly of concordant, interbedded sands as well as clayey silts and sands. Core 
site CC1 in particular has a relatively high number of sand units, mostly moderately to well sorted, medium 
to coarse sands. These may be cravasse-splay type deposits derived from breaches of the main distributary 
channels. Unlike virtually all other core sites, CC1 did not penetrate the black swamp clay that sharply 
defines the lake sediment - pre-lake material boundary. Instead, very compact sand and sandy clay was 
encountered which may have been originally derived from a local, pre-lake source. Another somewhat 
anomalous prodelta core site is CC10. Most o f the texture and stratigraphy in this core would seem more
Table 3.1. Range o f loss-on-ignition values from Crooked Creek 
delta cores.
CCD2
CC5
CC12
CC17
A8
0-2.5% 
0.3-1.8% 
22-5.8%  
1.0-3.6%
1.4-4.4% *1
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appropriate to a much more distal location. Erosional and dipping basal contacts on some of the middle 
bedding units suggests that this may be a site subjected to scouring and subsequent deposition of laminated 
clays due to a backwater effect.
Cores from distal facies have a predominance of finer textured units, particularly sandy to silty clays with 
the frequency of clay units increasing distally. The number of stratigraphic units tends to decrease distally, 
although there are exceptions to this. There is also some tendency for clay units to be thicker than silty to 
sandy clays for example. Assuming that deposition associated with individual flood events is fairly 
widespread, these trends may then be partially explained by the obliteration of stratigraphic contacts as the 
result o f wave energy acting on the semifluid clay at the mud-water interface. By contrast, slightly coarser 
and denser silty to sandy clays would be less susceptible to this action. Another possible explanation is, that 
due to gradual deposition from suspension some units, particularly clays, are visually undifferentiated. The 
possible erosive and depositional effects of spatially confined density currents should also not be discounted.
A feature of the basal, distal to lacustrine facies is the occurrence of what has been termed, ’lumpy’ clay. 
This has the appearance o f small, subangular clay fragments in a matrix of the same material. The most 
likely explanation for the origin o f this horizon is that it formed during a period when the lake dried out, 
resulting in the cracking and fracturing of the clay. This horizon is ubiquitous with the exception of the 
prodelta to proximal facies where presumably, the presence of silt and sand in the sediment has modified 
the way in which the material has dried out and re-wetted.
3.1.2 Stringybark Creek Delta
The Stringybark Creek delta has a similar morphology to that of the Crooked Creek delta. Since the total 
diversion o f the two branches of Stringybark Creek in 1977, a lobate fan delta has built up to a maximum 
depth of2.6 m. Prodelta slopes are 2°-3#. A shallow distributary channel passes across the partially vegetated, 
subaerial part of the delta. The present profile is defined by the 1986 bathymetric survey (Fig. 3.1). The 
1980 aerial photograph shows that the subaerial extent of the delta is not very substantial.
Sedimentation in the most proximal cores (SCD1-SCD4) is quite distinct from that in adjacent prodelta 
sequences (Fig. 3.4). The former were taken in very close proximity on the subaerial part of the delta and 
while similar sedimentation trends are apparent, each core is quite different stratigraphically, indicating a 
highly energetic fluvial environment. The lower part of the sequence consists almost entirely of thinly to 
thickly bedded clayey sands. At the top of these units there is an immediate transition to medium to very 
coarse grained, granular sands. This sequence is more typical of a prograding delta, however, the sudden 
change in texture is possibly due to the delayed arrival of coarser bed load down the diversion channel.
Bedding units range from thin with occasional laminae, to thick, up to 55 cm, in the proximal delta. Unlike 
the Crooked Creek delta, laminated units occur most frequently in distal facies. Contacts are sharp, but as 
with the Crooked Creek delta, the concordant nature of the bedding and lack of internal structure within 
units provides little evidence of erosional contacts. There is no measurable dip on bedding planes and again, 
no true foreset beds are present.
Sand units in the proximal facies mainly consist of moderately to poorly sorted, medium to very coarse 
grained, granular, quartz sands. A tentative correlation is made at the texture transition mentioned above.
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Although there are several sand units below this point in SCD4, they are by contrast with the units above, 
medium to coarse grained and well sorted with one fining upwards unit. Three graded beds were also 
recorded immediately below the transition in SCD2.
Prodelta facies consist of concordant, laminated to thinly bedded clayey sands, silty to sandy clays with 
occasional clay and sand units. They differ from those of the Crooked Creek delta in a relative lack of sand 
units. Also, the sharp textural transition of the proximal cores is not obviously sustained more distally. The 
competence of flood flows must be rapidly attenuated, with bed load being deposited almost entirely on the 
most proximal parts. In this respect, the transition from fluvial to lacustrine conditions appears to be more 
sharply defined than is the case for the Crooked Creek delta.
Sedimentation in the distal facies comprises laminated to medium bedded clays, sandy to silty clays and 
clayey sands. A distinct, correlatable change to darker coloured, generally finer sediments occurs in SC4 
and SC8-10 (Fig. 3.4). It is possible that this basal sequence is derived from re-worked, pre-lake deposits 
mixed in with post-diversion sediments. The deposits which underlie the proximal and prodelta facies are 
sediments from the small, pre-lake catchment to the south. Lumpy clay units form the base of the distal 
facies sequence.
Loss-on-ignition results for analysed Stringybark Creek delta cores are given in Table 3.2. These values 
are in the same range as those from the Crooked Creek delta. No significant temporal trends were observed 
in any of the cores, changes in values being apparently random.
Table 3.2. Range of loss-on-ignition values from Stringybark Creek 
delta cores.
SCD1
SC3
SC9
0.4-5.4% 
0.6-3.9% 
0.6-3.8%
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Fig. 3.4. Stringybark Creek delta graphic logs.
3 .1 .3  N o rth e rn  S u baqueous F an  and  L acustrine  F acies
Between 1932-35 and 1976 the diversion of Stringybark Creek via a narrow channel into the northern end 
of the lake resulted in the accumulation of a subaqueous sediment fan. The morphology of the fan was 
partially revealed in the 1944 aerial photograph which was taken when the lake level was particularly low 
(Fig. 3.5). Sediment has been deposited on the nearly flat basin to a maximum thickness of 86 cm.
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Fig. 3.5. Plan view of the northern subaqueous fan exposed during the 1944 drought.
Sediments in the subaqueous fan are clays and sandy to silty clays with laminations and beds up to 18 cm 
thick recorded (Fig. 3.6). Sand units and clayey sands occur in the more proximal parts of the fan. With 
the exception of some basal units in SCN3, all bedding is concordant and apparently flat lying. Dipping 
basal contacts in SCN3 may result from channel formation as shown in Fig. 3.5. Sand units are mainly 
medium to coarse grained and moderately to well sorted. Some of the more distal cores (SCN5, SCN7) 
have distinct lumpy clay units. If this material originates from drying out phases then the stratigraphy in 
SCN7 indicates that there have been at least two such periods. Similar sequences occur in some of the more 
distal Crooked Creek delta cores.
In the northern subaqueous fan, as in the other major sites of sedimentation within the lake, complex vertical 
and spatial sedimentation patterns occur over short distances, so that descriptions are restricted to only the 
most general terms. Why more distal cores (e.g. SCN2, F4) should have coarse sand units while more 
proximal ones (e.g. M l, SCN3) are composed of only finer textured sediment is difficult to determine. 
Perhaps complex flow patterns were set up due to the close proximity of the northern inlet and the outlet.
Fan sediments grade quite sharply into the lake facies, there being a distally thinning clay layer overlying 
undifferentiated lumpy clay units. The latter make up the bulk of the relatively thin veneer of lake sediments. 
These sediments have undoubtedly been derived from suspension over a considerable period of time. Any 
internal structure which may have existed has either been obliterated by wave action or due to several possible 
drying and wetting cycles. The activity of bottom dwelling fauna may also disturb bedding although no 
bioturbation was observed. Some cores more proximal to the sediment sources contain basal units which 
have the appearance of re-worked, pre-lake material (e.g. M3, M10-11). Several peripheral cores contain 
sediments probably derived from immediately adjacent sources (e.g. B l, C l, C6) as the result of human 
activity such as land subdivision. Loss-on-ignition values from the lake sediments (Table 3.3) continue to 
show the low levels of organic matter found in the sediments from the two major deltas.
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Fig. 3.6. Graphic logs of cores from the northern subaqueous fan and main body of the lake.
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Table 3.3. Range of loss-on-ignition values from Lake Albert cores.
SCN3 0.1-1.7%
SCN5 0.4-2.2%
M4 0.6-1.0%
M8 0.7-1.4%
M il 1.7-3.9%
3.2 Chronology
The establishment o f a chronology within stratigraphic sequences is essential to the determination of 
sedimentation rates and the timing o f catchment related events which have influenced sedimentation in the 
lake. In the case o f the Stringybark Creek delta, the relatively short deposition history means that obtaining 
more detailed chronological information is difficult. For the Crooked Creek delta however, such information 
is needed to provide a better understanding o f the depositional history.
In the time scale of sedimentation of the Crooked Creek delta two radionuclides may be suitable as 
chronometers, namely 210Pb and 137Cs. The former is ruled out due to the relatively high sedimentation rates 
of the delta where the stream borne, unsupported 210Pb flux will significantly exceed the atmospheric 
component The first detectable appearance of 137Cs on the other hand should provide a relatively 
unambiguous date of about 1958 (see section 1.6).
Concentrations of 137Cs in core CCD2 are given in Fig. 3.7. This core was chosen for radionuclide analysis 
because it was the thickest, and most stratified of all of the delta cores. Some units were bulked together in 
order to provide enough mass for the analysis. The 137Cs results clearly show a peak at 164 cm with very 
low concentrations immediately above and below. All of the other values may be regarded as zero because 
of the counting statistics.
It is possible to use the 137Cs data and the integrated fallout curve from section 1.6 to indicate when the 
caesium peak may have been deposited. The peak 137Cs value (3 mBq g'1) from core CCD2 converted to 
area specific fallout units (bulk density = 1.56) is 84 mBq cm'2. From the integrated fallout curve (Fig. 1.7) 
this value is equivalent to about 1970. That is, for the peak caesium value to have been totally derived from 
atmospheric fallout the sediment in the core (155.5-173.5 cm) would have to have been integrating fallout 
for over 14 years. The caesium peak interval extends over two depositional units. The discussion in previous 
sections o f this chapter has referred to the ephemeral nature of flood flows and deposition being most likely 
to occur during periodic flash floods, particularly for the proximal part of the delta. Therefore the two 
stratigraphic units from which the caesium peak is derived probably result from discrete depositional events. 
It is most unlikely that there were only two such events in a 14 year period. The delta has potentially 
undergone sedimentation for up to 53 years (see section 1.2). Assuming that no erosion of stratigraphic 
units in core CCD2 has occurred during that time, then, on average, deposition has been at the rate of about 
one unit per year. It is therefore more probable that the caesium peak denotes the first detectable appearance 
of 137Cs at, or soon after, 1958, say up to 1961. It is also evident that the balance of the caesium activity 
over that derived from fallout is due to a topsoil component in the sediment.
The discussion above indicates that a topsoil component is present in at least one of the sub-samples from 
the core. Above the 137Cs peak there is no detectable topsoil present, that is, these sediments must be almost
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Fig. 3.7. 137Cs results from core CCD2. Error bars are one standard deviation.
entirely derived from sub-soil sources. There are two possible explanations for the lack of 137Cs below the 
peak. The first is that these sediments also originate from sub-soils. Alternatively, the peak denotes the 
first appearance in the lake-catchment system of fallout derived 137Cs, so giving a date of 1958 or later.
In an effort to resolve the ambiguity about the inferred 137Cs date, 210Pb measurements were made to determine 
whether or not a topsoil component could be detected in sediments below the 137Cs peak. If topsoil is present 
then the peak will denote the first detectable appearance of 137Cs in the Southern Hemisphere. The 210Pb 
results are given in Table 3.4. They show that there is no excess of 210Pb to 226Ra in any of the sub-samples. 
A 210Pbu component would be expected to coincide with the 137Cs peak. The fact that it does not probably 
indicates that the 210Pb analysis is less sensitive than the 137Cs. This conclusion is supported by the discussion 
in section 1.6. Also by 1960,210Pb has already gone through one half-life. The 210Pb results unfortunately 
neither support nor refute the timing of the 137Cs peak.
If 1961 is assumed to be the most recent date for the deposition of the caesium peak in core CCD2, then 
from Fig. 1.7 the equivalent integrated fallout is about 38 mBq cm'2 or approximately half of the total caesium 
in the peak. Translated to mass specific units, about 50%, or 1-2 mBq g'1 of the total activity is therefore 
derived from topsoil. In section 1.6 the concentration of 137Cs in the top 2 cm of an undisturbed topsoil was 
estimated to be 17 mBq g'1. Thus, the amount of topsoil in the delta sediment as measured in CCD2 is 
approximately 10%. As caesium is preferentially absorbed onto clays, then the 137Cs activity for clays in 
topsoil is probably greater than 17 mBq g'1. Also, clays are preferentially transported so the estimated 10% 
topsoil component in the delta sediment is likely to be an upper limit. From section 1.6 the estimated
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concentration o f atmospherically derived 210Pb in topsoil is 30 mBq g'1. 10% of this value (3 mBq g 1) is 
only 8% of the mean lead activities given in Table 3.4. Given that the errors on these values are of the same 
order, then any unsupported lead component which may be present would be undetectable.
Table 3.4. 210Pb results from core CCD2.
Depth (cm) 210Pb (mBq gJ) ^ R a (mBq g'1)
0-28.5 35.1±2.9 42.2±1.1
33.5-56.5 30.4±1.2 41.7±0.8
71-89 35.3±2.5 38.3±0.6
95-100 21.4±2.9 35.7±1.0
115.5-155.5 40.0±2.9 52.7±1.3
155.5-173.5 43.6±3.0 47.1±0.6
173.5-198 45.5±3.7 50.0±1.0
198-234 42.4±2.9 47.4±0.7
234-260 35.3±2.4 44.3±1.1
260-287 36.3±3.2 42.5±1.2
It is known that delta sediments had accumulated prior to 1958, although the actual amount is of course not 
known. The 137Cs peak occurs almost two thirds of the way down the core, therefore it is likely that the 
remaining 1 m of basal sediment could easily have been deposited prior to 1958. Further circumstantial 
evidence for the 137Cs peak being at or after 1958, relates to the period of rapid delta progradation between 
1958 and 1966. It is proposed that unit 21 in CCD2 was deposited during this period when there must have 
been floods sufficient to have constructed an extensive mouth bar sequence. It is also noted that this sand 
unit is the only one correlatable across the proximal delta, indicating that it must have been deposited by an 
event of some magnitude. The meteorological records show that the most significant rainfall event of the 
period in question occurred in April of 1964. Deposition of unit 21 at this time is quite probable and so 
tends to confirm the timing o f the 137Cs peak which occurs almost immediately below in the stratigraphic 
sequence.
3.3 Sediment Distribution and Sedimentation Rates ..
An isopach map showing the distribution of sediments within the lake was constructed from the core data 
(Fig. 3.8). The values used are the estimated in-situ thickness of the lake sediment at each core site. As the 
sediment is compressed during the coring process, the in-situ thickness is estimated by multiplying the 
recovered lake sediment thickness by the ratio of the depth penetrated by the corer (lake and pre-lake sediment) 
to the total thickness of sediment recovered. This calculation will result in values that give a possible 
maximum thickness of in-situ lake sediment as the cores tend to be more compressed at the bottom than the 
top, not linearly as the calculation assumes.
Using the isopach model generated from the in-situ thickness estimates, an estimate was made of the volume 
of sediment in the lake. The total wet sediment volume is 374 000 m3 which is 9% of the original basin 
volume. As discussed above, this value is the likely maximum volume of sediment in the lake.
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Fig. 3.8. Isopach map of Lake Albert (contours in cm).
Sedimentation In Lake Albert 34
The reasons for calculating the sedimentation rate of the lake are firstly to extrapolate the result, thus making 
a forecast of the life expectancy of the lake and secondly, to estimate from the annual stored volume of 
sediment what the yield of sediment from the contributing catchments is. Given the uncertainties involved 
in the factors controlling sediment supply to the northern subaqueous fan and the Crooked Creek delta 
throughout most of their history, it is not possible to realistically determine a rate based upon the entire 
sedimentation history of the lake. In the case of the Stringybark Creek delta however, the contemporary 
sedimentation rate may be interpolated from the time when deposition commenced to the present.
The contemporary sedimentation rate for the Crooked Creek delta may also be estimated from the correlated 
horizon in CCD2 (unit 21) for which there is an approximate date. As previously discussed, correlation of 
this unit beyond the three subaerial cores, based on stratigraphic evidence, is limited to two other possible 
cores. The magnetic data however provides clear evidence of a correctable horizon that marks a distinct 
change in the mineral magnetic character of the sediment (Fig. 3.9). The significance of this change will 
be discussed in the section dealing with sediment sources.
CCD1 CCD2 CCD3
Fig. 3.9. Bulk magnetic susceptibility of proximal Crooked Creek delta cores.
A magneto-stratigraphic correlation can in fact be made over the whole of the Crooked Creek delta. In cores 
where detailed magnetic measurements have been made, %fd% is used. Otherwise the bulk susceptibility 
core scans, although of lesser resolution, are adequate to define the change (Fig. 3.10). The wet sediment 
volume deposited above this horizon and the interpolated rate of deposition for the period 1964-1987, are 
given in Table 3.5. A similar calculation has been made for the Stringybark Creek delta for the 10 year 
period, 1977-1987. The rate of sedimentation in the Stringybark Creek delta is about five times greater than 
that of Crooked Creek. Even if the deposition date indicated for unit 21 in CCD2 is brought forward by 10 
years, the rate of sediment accumulation at the Stringybark Creek delta is still significantly greater.
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Table 3.5. Sedimentation rates of Crooked Creek and Stringybark Creek deltas.
Estimated maximum wet 
sediment volume
Annual stored wet 
volume
Crooked Creek (1964-87) 21000  m3 900 m3
(dry mass equivalent) (27 000 tonnes) (1200 tonnes)
Stringybark Creek (1977-87) 49 500 m3 4950 m3
(dry mass equivalent) (64 000 tonnes) (6400 tonnes)
By combining and extrapolating these two rates, it is a simple matter to calculate that the remaining volume 
of the lake basin will be filled with sediment in about 600 years. Not so simple, however, are the many 
factors which can influence the rates of sedimentation in the lake. In particular, climate, land use and land 
management practices may have a significant effect. It is unlikely that these and other influencing factors 
will remain in a steady state for such a long period. Therefore, the estimated life of the lake is only indicative.
In order to estimate catchment sediment yields, rather than stored volumes, it is necessary to determine what 
the trap efficiency of the lake is. From the study of the lake sediments itis clear that all of the coarse sediment 
associated with the bed load is being trapped. By using the empirical equation developed by Brune (1953) 
and revised by Dendy (1974)[given below], the trap efficiency (TE) may be calculated using the ratio of the 
reservoir capacity to annual inflow (C/I). Dendy states that the correlation coefficient between the computed 
and observed trap efficiency values is 0.96.
TE = 100 x o.97019LogC//
The lake’s capacity is known but no runoff data exist for the catchment Runoff data are available for the 
adjacent Kyeamba Creek catchment which has a mean annual value of 67 mm (Dept. National Development, 
1971). The Australian surface water resources map (Dept. National Development, 1967), shows the runoff 
for this catchment to be approximately 43 mm. B y correcting the mapped value for the Lake Albert catchment 
by the ratio o f these two figures, an approximate annual discharge for Lake Albert is 44 mm. This figure is 
then multiplied by the catchment area to derive an annual runoff estimate o f34 x 106 m3 giving a lake capacity 
to annual inflow ratio o f 0.011. Substituting this value in the above equation gives an average trap efficiency 
for Lake Albert o f 97%. The annual catchment sediment yields are therefore only slightly greater than the 
annual stored volumes (Table 3.6).
Table 3.6. Sediment yields of the Crooked Creek and Stringybark Creek catchments.
Estimated total sediment Annual sediment
yield yield
Crooked Creek (1964-87) 28 000 tonnes 1200 tonnes
Stringybark Creek (1977-87) 66 000 tonnes 6600 tonnes
The contrast between the two catchments is greater if the sediment yields are expressed in area specific 
terms. The average sediment yield for the Crooked Creek catchment is approximately 25 t km'2 y'1 while
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that for Stringybark Creek is about 2 2 8 1 km'2 y'1. It will be shown in the next chapter that most of the recent 
sediment from Crooked Creek is derived from a local source so an area specific catchment yield is rather1 
meaningless. However, it does serve as a basis for comparison.
The value obtained from the catphments may be compared with yields from other catchments, although 
differences in controlling climatic and catchment related factors make direct comparisons difficult. Olive 
and Rieger (1986) quote Australian yields ranging from 2.7 t km*2 y*1 (Queanbeyan R.) to 634 t km'2 y'1 
(Ord R.). Stringybark Creek catchment has a relatively high yield considering that most of Olive’s and 
Rieger’s data are less than 50 tk m 'V 1, although a catchment of similar area but slightly higher rainfall 
yielded 121-2321 km'2 y"1.
In the case of the Crooked Creek catchment if, as will be shown in the next chapter, most of the recent 
sediment in the delta comes from a nearby source, then the area specific yield from the rest of the catchment 
must be very low. The yield differences between the two catchments are thus further increased. The 
explanation for this may be that there are some localised but significant sites of erosion within the Stringybark 
Creek catchment This possibility is consistent with localised cases of serious gully and channel bank erosion.
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4 Sediment Sources
Provenance studies o f surface sediments have been a part of geological prospecting for a considerable period 
of time. They are becoming increasingly important in Australia with regard to issues of pollution, water 
quality and sedimentation problems. As previously discussed, this study has applied mineral magnetic and 
radionuclide techniques to the determination of sediment sources within the Crooked Creek catchment. 
Sediments from this catchment have accumulated in Lake Albert from 1902 to the present, so potentially 
preserving in the stratigraphic record, any changes in sediment sources which may have occurred during 
that period.
The mineral magnetic characteristics of the lake and catchment sediments are discussed in the subsequent 
sections. An attempt is then made to reconcile the mineral magnetic data from the Crooked Creek delta and 
catchment. This is followed by discussion of the radionuclide results from the delta and catchment Finally, 
the results o f the in-channel sediment tracing will be presented.
4.1 Mineral Magnetic Characteristics of the Lake Sediments
In this section the results of the mineral magnetic measurements of the lake sediments are submitted and 
discussed. Particular attention is paid to potential problems which may arise as the result of drying and 
storage o f sediments. Large amounts of magnetic data were generated from the 14 cores which have been 
analysed in detail. These data are therefore examined with regard to the principal sites of deposition within 
the lake. The overall mineral magnetic nature of the lake sediments is then summarised.
4.1.1 Lake Sediment Drying and Storage Monitoring
The application of mineral magnetic techniques to sediment source tracing requires that no transformations 
of magnetic oxides occur in the interval between erosion in the catchment and subsequent sampling from 
the sediment sink. Evidence derived from a number of studies indicates that metastable iron oxides such as 
magnetite, are conserved within the time frames under consideration (Thompson & Oldfield, 1986). The 
most likely place for transformations to occur is in the anaerobic, or near anaerobic, lake bottom sediments. 
Slow oxidation which may occur during the storage of wet sediment samples should also be considered.
As outlined in section 2.3, a lake core was sealed immediately after sampling and wet and dry duplicate 
sub-samples from 9 depth intervals were then measured. After storage of the core for 8 months, measurements 
on new sub-samples from the same intervals were carried out. The results are given in Fig. 4.1.
The susceptibility (%) results show that no significant change occurs between the initial wet and dry samples. 
There is a definite overall decline in values after 8 months of storage however. Again, there is no appreciable 
difference between wet and dry samples measured at 8 months. It is expected that the sediments become 
more anoxic with depth, sample 1 being at the top of the core (1-3 cm) and sample 9 at the base (50-52 cm). 
No trend in the results is discernible due to this. The %fd results follow the same general pattern of change 
as the susceptibility, although there are a few more apparently random fluctuations. The value for sample 
9 (wet-8 months) probably results from a measurement error.
Sediment Sources 39
SIRM is influenced by the remanence holding component within the samples as opposed to % which is 
affected by all of the magnetic constituents. The SIRM results are less orderly than % results, with some 
samples showing virtually no change from wet to dry and time 0 to 8 months. In other samples there are 
more significant variations but no consistent trends. Perhaps random measurement errors should be 
considered here, however, the difficulty of reproducing exactly the same remanence conditions makes this 
difficult. Samples may be re-measured without repeating the magnetisation but viscous loss of remanence 
with time needs to be corrected for. On the other hand, placing a sample in the same magnetising field before 
re-measurement produces a slight acquisition each time up to some threshold which is a further complication.
Sample
B wet (time 0) E23 dry (time 0)
ARM
x10'3
l H  wet (8 months) dry (8 months)
Fig. 4.1. Magnetic measurements from sediment drying and storage monitoring (core SCN2).
The ARM data have a similar degree of variability to the SIRM’s. In general however, values for the wet 
samples measured at 8 months are less than the original, wet samples. The dry samples at 8 months are also 
predominantly lower in magnitude. For all of the measured parameters and across all of the samples there 
is a decline in values from the initial wet measurements to the dry ones at 8 months. In some samples these 
reduced values are not very great but in others the changes are more significant, up to 35% in some cases.
The occurrence of declining parameter values under wet storage conditions may be similar to the effect of 
gleying discussed by Maher (1985) and others. Hilton, etal. (1986) showed that for wet sediments from 
Esthwaite Water, U.K., a significant decline in magnetic parameter values occurred as the result of slow 
oxidation over 5 months. The change was attributed to a sulphide mineral. Dried samples maintained under 
oxidising conditions demonstrated a perceptible but relatively minor reduction in %.
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The critical question is whether or not these changes will alter any interpretations placed upon the results 
if, as may often happen, sediments are not analysed for several months after sampling. Overall, the changes 
do not significantly alter the mineral magnetic characteristics of the sediments in the context of the lake and 
catchment data as a whole. This conclusion has been arrived at by analysing the wet (time 0) and dry (8 
months) data in conjunction with the other lake and catchment data. It is clear from the results of the storage 
monitoring however, that lake sediments should be dried immediately after sampling. Finally, it is not 
possible to say with certainty that diagenetic changes in the mineral magnetic assemblages of the lake 
sediments have not occurred after deposition. However, if these potential alterations are reversible then the 
data given above indicate that any post-depositional transformations are not likely to be excessive.
4 .1 .2  C ro o k e d  C reek  D e lta
The magneto-stratigraphic correlation of the Crooked Creek delta, as discussed in section 3.3, showed a 
synchronous change which is present across the entire delta. The nature of this change is examined in more 
detail with reference to core CCD2 (Fig. 4.2). All of the ratios are influenced by the change with the exception 
of IR W A R M . This ratio is sensitive to the presence of primary, multidomain (MD), ferrimagnetic minerals 
such as magnetite. IRM^ARM peaks coincide with units containing coarse sand and gravel which is more 
likely to contain primary minerals. All of the other ratios appear to be unaffected by changes in the particle 
size composition of the sediment, both above and below the transition at unit 21 (115-134 cm).
% Sand and Gravel IRMs/ARM X FD%
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Fig. 4.2. Core CCD2 particle size fractions and mineral magnetic ratios.
SP component
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The transition point at unit 21 marks an increase in the ratios indicative of fine, secondary ferrimagnetic 
minerals (% /A  x ^ J S IR M ,  ARM/%) and a corresponding dechne in the antiferromagnetic component 
denoted by IRMh%. An examination of the xW SIR M  and ARM/% curves immediately above unit 21 
(60-100 cm) shows a segment with a negative correlation between the two ratios. This can only result from 
the presence of a superparamagnetic (SP) component as % increases in the SP range whereas SIRM declines 
to zero. This sediment therefore, contains a relatively high proportion of SP material while unit 21 marks 
a substantial and sustained change in sediment source composition.
The mineral magnetic characteristics of the delta sediments as a whole are more conspicuous in bi-variate 
plots (Fig. 4.3). Sediments with a significant MD element for example are readily apparent in the IRK/ARM 
vs. ARM/% plot. Note that the more distal, finer sediments (CC12, CC17) have a greater proportion of stable 
single domain (SSD) and less MD. The soft ferrimagnetic MD samples are also separated from the rest in 
the %fd% vs. IRM,% plot. Of particular interest is the grouping of post-transition sediments from across the 
delta in the high %fd% range.
Fig. 4.3. (a) MD (IRM^ARM) and SSD (ARM/x) components of Crooked Creek delta sediments, (b) Fine 
viscous (%fd%) and soft ferrimagnetic (IRMS%) constituents.
A multivariate method of data interrogation which enables all of the diagnostic magnetic ratios to be combined 
on one diagram is principal co-ordinate analysis. A dissimilarity matrix is used as the basis for representing 
data in what may be conceived of as multidimensional Euclidean space. All of the objects are embedded in 
this space so that they are separated from one another by distances corresponding to their dissimilarities 
(Clifford & Stephenson, 1975). The aim of the analysis is to project the location of the objects on a series 
of axes, each of which represents a separate attribute (e.g. a magnetic ratio). These attribute axes may then 
be resolved in a way which best separates the data and so displays any internal relationships. A pattern 
analysis package (Belbin, 1987) was used to generate the ordinations which follow.
Inspection of the ordination diagram of the Crooked Creek delta magnetic ratios (Fig. 4.4) reveals many of 
the principal features of the magnetic data which have been discussed above. All of the more strongly MD 
orientated, proximal delta samples plot close to IRM/ARM. The finer grained, more distal sediments plot 
towards the SSD indicators, namely Xuw/SIRM and ARM/%. It is further revealed that an antiferromagnetic 
(AF) component (e.g. haematite) is present in these finer sediments as indicated by position of ERMh% 
relative to the data. Also the post-transition sediments, although there is a spread between MD (e.g. primary
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magnetite) and SSD (e.g. secondary magnetite), plot closest to i fd%. The circled cluster of points in Fig. 4.4 
belong to basal sediments from CC5 and CC12, thus strongly suggesting synchronous deposition from a 
common source.
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Fig. 4.4. Ordination of magnetic ratios (log transformed) from Crooked Creek delta sediments.
A limitation of this method of analysis is that it does not readily reveal the presence of SP material. In this 
case a bi-variate plot such as vs. ARM/x may be used. Checks should also be made on
relationships and hypotheses generated by ordinations as, in seeking to reduce the dimensionality of a system, 
some information is inevitably lost.
4 .1 .3  S tringybark  C reek  D e lta
The magnetic ratios derived from the Stringybark Creek delta sediments show similar patterns of proximal 
to distal magnetic mineral composition as those of the Crooked Creek delta. Fig. 4.5 shows the sand units 
from core SCD1 grouping closest to IRM/ARM, that is, having a significant MD component The mixed 
sand, silt and clay units from SCD1, SC3 and SC9 are in the group clustered about the origin of the ordination 
diagram. Some of these sediments, particularly from SC3, have a distinct proportion of AF indicated by 
their tendency to plot closer to IRMh%. Other samples from SC9 have a greater amount of SSD to FV 
(ARM/x and xW SIR M  to %fd%).
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The left-most group which almost lines up vertically, belongs to the basal parts of SC3 and SC9. As discussed 
in section 3.1.2, these sediments have the appearance of re-worked, pre-lake material. The mineral magnetic 
results thus confirm that they are different from overlying sediments. In summary, the finer delta sediments 
have a greater AF to SSD content while the coarser sand units are dominated by primary ferrimagnetic MD 
grains.
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Fig. 4.5. Ordination of magnetic ratios (log transformed) from Stringybark Creek delta sediments.
4 .1 .4  N orthern  Subaqueous F an  and  L ake Sedim ents
An ordination of the remaining lake magnetic data is given in Fig. 4.6. Not unexpectedly, the coarser 
sediments from the proximal parts of the subaqueous fan (SCN3, SCN5) have a greater proportion of MD. 
These sediments, along with some from the main body of the lake (M4), also have a distinguishable AF 
component. The remaining lake sediments have more SSD and to a lesser extent FV.
Differentiation within cores also occurs. The left-most group from SCN5 (circled) belongs to the upper 
10 cm of this core, below which there is a distinct change in texture. In Ml 1 the ’lumpy’ clay unit (5-14 cm) 
is also in a separate group from the two units at the top of this core. Results from lumpy clay units in M8 
and A8 have almost identical mineral magnetic assemblages, strongly indicating a common origin for these 
clays.
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With the exception of a higher proportion of AF minerals, the overall mineral magnetic characteristics of 
the northern and central lake sediments appear to be similar to those from the two other major sites of 
deposition in the lake discussed in the last two sections. In the next section, all of these elements are brought 
together.
Vector 2
I  SCN3 \ SCN5 0 M4 Ä M8 X M11 ? A8
Fig. 4.6. Ordination of magnetic ratios (log transformed) from the northern subaqueous fan and lake 
sediments.
4 .1 .5  C om bined  L ake  Sedim ents
In order to summarise and simplify the nature of the mineral magnetic characteristics of the lake sediments, 
the mean ratio values from each core have been calculated. Although a loss of information inevitably occurs, 
the alternative, that is to ordinate all of the data, results in a complex overlap of data points which is difficult 
to sensibly present. The ensuing ordination of the mean values (Fig. 4.7) is, however, the best approximation 
of the more detailed information given in the previous sections.
There is an overall proximal to distal trend of MD dominated to SSD dominated sediments respectively. 
The most proximal cores with coarse sand and gravel fractions (SCD1, CCD2) plot in the direction of 
IRM7ARM. Conversely, the most distal and central lake clay sediments (CC17, M il, M8, A8) plot on the 
ARM/% side of the diagram. There is an obvious underlying relationship between particle size distributions 
and the mineral magnetic character of the sediments. Superimposed on this trend is an AF overprinting,
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particularly for the sediments from the northern part of the lake (SCN3, SCN5, M4). This suggests that the 
sediments in the northern subaqueous fan are to some degree different in composition from those of the 
Stringybark Creek delta (SCD1, SC3, SC9), even though they are supposedly from the same catchment
The group that is distinct from all of the others is the post-transition sediments of the Crooked Creek delta. 
As has previously been shown, these sediments have a relatively high proportion of fine secondary 
ferrimagnetic minerals spanning the FV to SP magnetic grain size range. Taken as a whole, and with the 
exception just mentioned, the lake sediments do not have significantly different mineral magnetic 
characteristics other than those associated with particular particle size fractions. This may be interpreted in 
two ways. The first is that little if any temporal change has occurred in the relative contribution of various 
sediment sources. Alternatively, these sources may be comparatively homogeneous. In the next section, 
which compares the magnetic data from the Crooked Creek catchment and delta, the most likely of these 
two alternatives will be discussed.
2nd Vector
Fig. 4.7. Ordination of magnetic ratios (log transformed), averaged by core, from Lake Albert sediments. 
The post-transition sediments from the Crooked Creek delta (CCDu) are represented by a mean value separate 
from the individual cores.
4.2 Relationships Between the Crooked Creek Delta and Catchment Mineral 
Magnetic Properties
In this section the mineral magnetic characteristics of the Crooked Creek catchment are analysed. These 
data are then combined with those from the previous sections to determine what relationships exist between 
the delta and catchment sediments.
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The most likely potential sediment source areas in the catchment include actively eroding channel banks, 
foot-slope gullies, and topsoils, particularly from cultivated land. Channel bank erosion mainly occurs in 
sandy alluvial deposits which cover over half of the catchment. Measurements of samples taken from these 
areas and farm dams which integrate sediments from topsoils, are analysed in Fig. 4.8.
The predominant central group in the ordination belongs to the channel bank samples which include topsoils 
and alluvial sediments. Despite the spatial separation of many of these samples, they appear to be relatively 
homogeneous, at least in terms of mineral magnetic signatures. There is a relatively greater MD influence 
associated with these samples. Similarly, the samples from dam 2 also have a distinct MD component. 
Although the catchment of this dam is used predominantly for cultivation and is ungullied, primary 
ferrimagnetic minerals are present in the dam sediment This is not necessarily inconsistent with the shallow 
granitic topsoil of this area. Cultivation will also tend to mix some subsoil material with the topsoil.
The surface samples (0-10 cm) collected from the granite hill slopes have similar characteristics to the 
channel bank and dam 2 samples, although they have a greater FV component as they plot in the left, 
uppermost part of this group, closer to %fd%. Substrate samples from the Crooked Creek diversion channel 
also have attributes in common with the above group.
Vector 2
|  d iversion channel 1 channel banks Q dam  1 A dam  2  X dam  3 V hill surface sam ples
Fig. 4.8. Ordination of magnetic ratios (log transformed) from Crooked Creek catchment. Major groupings 
are outlined for clarification.
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By contrast, the samples from dams 1 and 3 have more dominant SSD to FV components. These dams are 
in grazing and cultivated catchments respectively. Subgroups from dam 3 (circled) relate to particular 
stratigraphic units.
As with the lake sediments, the dominant trends in the catchment data relate to differences determined by 
magnetic grain size, that is, coarse grained, MD minerals down to fine grained, SSD-FV secondary 
ferrimagnetic minerals. In general, these trends are also associated with particle size differences where the 
finer fractions derived from topsoils (dams 1 and 3) contain a greater proportion of fine ferrimagnetic 
minerals. Conversely, the sandier catchment alluvial deposits and surface samples are more coarse grained 
in character. The close similarity of these trends with those observed in the lake sediments indicates that, 
apart from the differences related to particle size fractions, the lake and catchment sediments are relatively 
homogeneous in terms of mineral magnetic attributes. This conclusion is consistent with the granite geology 
of the catchment
Late in the study it was learned that at some unrecorded time in the past, a large erosion gully had developed 
in the lower part of the Crooked Creek diversion channel. The knick-point of this feature can be seen in the 
1966 aerial photograph, about 300 m upstream of the delta. By 1971, the knick-point had only advanced 
20 m. The initiation of a large gully in the diversion channel by a flood event prior to 1966 can explain the 
rapid transition in sediment source composition revealed by the mineral magnetic data. The timing of this 
event between 1958 and 1966 is indicated by the period of rapid delta progradation discussed in section 3.2 
and by the 137Cs peak in core CCD2.
Further evidence that this gully is the principal source of post-transition sediments is provided by relative 
estimates of the volumes eroded from the gully and the volume of post-transition sediments in the delta. 
The former is approximately 30 000 m3, this value having been derived from pre-gully rehabilitation 
engineering plans. From the estimates of sedimentation rates (section 3.3), the post-transition delta sediment 
wet volume is 21 000 m3. These two values are certainly of the same order of magnitude and while it is 
difficult to estimate the errors on both figures, it is clear that the gully has been the major sediment source. 
The test of radionuclides and mineral magnetics as sediment source tracers is to corroborate the evidence 
presented above.
In order to simplify the large mass of Crooked Creek delta and catchment data, means of the principal groups 
have been calculated. The relationships indicated by the ordination of mean values (Fig. 4.9) have been 
checked by analysis of complete data sets using ordinations and bi-variate plots.
The ordination diagram shows that the post-transition sediments from the Crooked Creek delta (CCDu) are 
virtually identical in character to the sample from the downstream part of the diversion channel bank (DC1). 
This pair also have the greatest proportion of FV material indicated by their proximity to %fd%. DC1 has 
the lowest SIRM/X ratio (2.7 xlO3) of any of the samples from the lake or catchment, denoting a high 
proportion of SP material. This is also a feature of the basal part of the post-transition delta sediments. A 
firm mineral magnetic link is thus established between the post-transition delta sediments and material from 
the downstream part of the Crooked Creek diversion channel.
Samples from further upstream in the diversion channel (DC2-DC3) have characteristics which appear to 
be closely related to the proximal, pre-transition delta sediments (CCD2, CC5). It is possible that material 
eroded from the diversion channel has been incorporated into the delta sediments for some time, although 
not to the extent suggested by the close mineral magnetic affinities. The pre-transition volume of delta
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Fig. 4.9. Ordination of magnetic ratios (log transformed) from Crooked Creek delta and catchment. The 
symbols are further explained in the text
sediments is approximately 90 000 m3 or about 25% of the total lake sediments. It is physically not possible 
that more than a small fraction of this volume could have been derived from the diversion channel. The 
dimensions of the channel limit the amount of material available for erosion. Also, no significant erosion 
is known to have taken place in the diversion channel other than the post-transition gully which developed 
in the downstream reach.
It is noted that the finer distal delta and catchment topsoil dam sediments have similar attributes (CC17, A8, 
D1,D3). They all have a significant SSD component. The radionuclide results presented in sections 3.2 
and 4.3 indicate that topsoil sources probably only make a minor contribution to the delta sediments. It is 
most likely that the close relationships between the fine distal delta and topsoil dam sediments are based on 
similarities in particle size distributions rather than similarities of source. There thus appears to be no 
distinction between the mineral magnetic characteristics of the fines from the topsoils sampled versus those 
from substrate as observed in the lake sediments.
The stream channel bank profile samples (B) have very similar characteristics to the pre-transition sediments 
from core CCD2. This result may indicate that the pre-transition sediments of the delta are predominantly 
derived from stream channel bank alluvium. However, given the discussion above, the data may only be
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showing that the two groups have similar particle size distributions. It thus appears that the only way to 
remove any ambiguity due to particle size effects, when attempting to make mineral magnetic sediment sink’ 
to source links, is to fractionate samples down to a narrow particle size window. ,
The principal conclusion which may be drawn from these results and those of the preceding sections, is that 
there is a dominant overall relationship between ferrimagnetic grain size and particle size distributions. 
Primary and secondary ferrimagnetic mineral associations appear to be strongest between particle size 
fractions rather than particular geomorphological units within the catchment. A known local catchment 
source containing very fine grained ferrimagnetic material exists, enabling sediments from this source to be 
distinguished from those derived from elsewhere in the catchment
4.3 Radionuclide Properties of the Crooked Creek Delta and Catchment Sediments
The absence of 137Cs in the post-transition sediments of core CCD2 in the Crooked Creek delta, clearly 
indicates that the sediments are derived from substrate. In the previous section an erosion gully in the 
adjacent diversion channel has been shown to be the predominant sediment source. Immediately below the 
transition the 137Cs peak indicates that a topsoil component is present, however, as discussed in section 3.2, 
the radionuclide data do not reveal whether or not this component exists below the peak. The proportion of 
topsoil present at the 137Cs peak is estimated to be 10% or less of the total sediment.
As stated in section 2.4, the <63 Jim and 63 jim-2 mm fractions were analysed separately for radionuclides. 
The <63 pm fraction contains the clays onto which radionuclides like 137Cs are most readily absorbed. The 
63 pm - 2 mm split was made for the stream sediment tracing experiment due to the lack of other particle 
sizes in the Crooked Creek channel (see section 4.4). In this section results from the finer of the two analysed 
fractions are discussed. The radionuclide data from both fractions are combined in section 4.5.
226Ra and 232Th results from the delta sediments (core CCD2), the diversion channel banks and a profile of 
channel bank alluvium taken 2 km upstream of the delta are given in Fig. 4.10. These two radionuclides 
are believed, as indicated from as yet unpublished studies, to provide the most stable and reliable radionuclide 
fingerprints (Murray, pers. comm.).
In Fig. 4.10, data from the sand fraction (denoted with an s) of the diversion channel bank are also included. 
It is suggested that the close correspondence of the two fractions in terms o f^ R a to 232Th ratios may be due 
to an in-situ process operating over a long period (Murray, pers. comm.). This may involve the absorption 
of groundwater derived radionuclides onto particle surfaces. The diversion channel bank material has no 
apparent alluvial structures and is unlike the recent alluvial deposits found in the lower parts of the catchment. 
Its origin may be old flood-plain deposits of the Murrumbidgee River which now flows about 6 km to the 
north. An extra-catchment origin of this material also explains why it has apparently unique mineral magnetic 
and radionuclide attributes compared to those found in the rest of the catchment.
The regression line for the upstream alluvial channel bank profile is extrapolated to intersect with the diversion 
channel bank data correlation. The intersection point is taken as an approximate origin for the extrapolation 
of tentative mixing lines for the pre and post-transition sediments from the Crooked Creek delta. Data from 
the post-transition sediments are more closely related to those from the diversion channel while the 
pre-transition data tend towards those of the upstream bank alluvium.
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Fig. 4.10. Radionuclide sediment source data from Crooked Creek delta and catchment (<63 (im fraction). 
The size of each symbol is related to the standard errors at each point. Sand fraction data from the diversion 
channel bank are denoted with an s.
The radionuclide data clearly differentiate between the pre and post-transition delta sediments. If the upstream 
channel bank alluvium is typical of that found in the rest of the catchment then it is apparent that the two 
groups of delta sediments are derived from mixtures of material from alluvial channel banks and the diversion 
channel. In the case of the post-transition sediments this conclusion fits the mineral magnetic and sediment 
volume evidence (ref. section 4.2). For the pre-transition delta sediments the problem discussed in the 
previous section arises. That is, a substantial sediment contribution from the diversion channel to the 
pre-transition delta is ruled out because of the lack of available material.
The discussion above makes suppositions about sediment sources based on a limited data set. In the case 
of the upstream channel bank data set, the good correlation obtained is substantially supported by the value 
with the highest concentration. That these data may be representative of stream channel bank alluvium is 
at least indicated by the general homogeneity of the mineral magnetic data (see section 4.2). Also, it cannot 
be stated with complete certainty that material similar to that in the diversion channel does not exist elsewhere 
in the lower part of the catchment. A much more detailed sampling survey is required to ascertain this.
In summary, the radionuclide results show that the signatures of the post-transition sediments of the delta 
are closely related to material from the diversion channel, while the pre-transition sediments are more likely 
to be derived from channel bank alluvium. The matches between the pre and post-transition sediments and 
their proposed sources are not exact however. It is not expected that these potential sources are the only 
ones which contribute sediment to the lake. The 137Cs results, for example, show that there is a topsoil
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component present in some of the delta sediments. Many more catchment data are required to adequately 
ascertain the variability within possible sediment source areas. The data presented here do, however, indicate' 
the potential for using naturally occurring radionuclides like mRa and 232Th as sediment tracers.
4.4 Channel Sediment Tracing Using Radionuclides and Mineral Magnetics
Prospecting by in-channel sampling at confluences is used in geological studies where surface mineral 
deposits are being investigated. The use of this approach to determining sediment sources using naturally 
occurring mineral magnetic and radionuclide tracers is an innovation in Australia, particularly for the latter, 
although other local studies are in progress (Murray pers. comm.). The Crooked Creek catchment provides 
a particular challenge for these techniques as the underlying geology is entirely granite, thus greatly reducing 
the likelihood of geological variability. Channel sediments in the catchment are almost completely composed 
of sand. In a few sieved random samples, more than 97% was >63 Jim. Mineral magnetic and radionuclide 
analysis was therefore confined to the 63 jim-2 mm sand fraction.
The aim of this part of the study is to discriminate between sediments at the first major confluence on Crooked 
Creek and demonstrate the continuity of signatures from this confluence downstream to the lake, a distance 
of approximately 2 km. Samples for magnetic measurements were also obtained at a number of lesser 
confluences upstream. These results are presented in Fig. 4.11.
The analysis shows that there is no separation of channel samples for either the Crooked Creek or Boiling 
Down Creek sub-catchments. This includes one sample which was obtained from the section of the former 
Crooked Creek channel which was cut-off by the total diversion in 1969. Most of the sand fraction samples 
from core CCD2 are in a separate group which has a greater proportion of fine grained, secondary 
ferrimagnetic minerals. The reason for this separation is probably due to a generally finer particle size 
distribution in these samples rather than an inexplicable change of source. Thus, as far as the Crooked Creek 
catchment is concerned, mineral magnetic measurements on the sand fraction are not able to discriminate 
between sub-catchments using the chosen particle size fraction.
The radionuclide analysis was restricted to samples taken at 300 m intervals along the channel from the 
Crooked Creek delta upstream to the confluence with Boiling Down Creek. Additional samples are included 
from immediately upstream of the confluence and up to about 1.5 km beyond in the two tributaries.
In Fig. 4 .12 ,226Ra/232Th ratios from Crooked Creek and Boiling Down Creek upstream of the confluence 
are clearly distinguished. Data from below the confluence are consistent and reveal that Boiling Down Creek 
is contributing slightly greater amounts of sediment to the downstream reach. One sample immediately 
below the confluence, in what has been termed the mixing zone, has a similar ratio to the data from the 
upstream reach of Crooked Creek indicating that this sediment has not yet been mixed.
Additional confluence samples, that is in the three confluence arms, were obtained 3 months after the original 
sampling. As these data have ratios similar to their respective groups it may be concluded that the sediment 
source composition has remained constant. In fact the composition has probably been constant since at least 
1969 as the cut-off channel sample, previously mentioned in this section, also has a ratio of the same order 
as the rest of the below-confluence data.
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Fig. 4.11. Ordination of magnetic ratios (log transformed) from Crooked Creek delta and channel sand 
fractions.
The radionuclide data have unambiguously differentiated between two channel sediment sources in an 
environment of apparently constant catchment conditions, not the least of which is the underlying geology. 
Boiling Down Creek contributes slightly greater amounts of sand to the downstream reaches of the channel. 
Indications are that the source composition has remained constant for a period of the order of 30 years which 
in turn suggests that conditions in the catchment have been relatively stable for this amount of time.
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Fig. 4.12. Radionuclide results from the Crooked and Boiling Down Creeks channel sand fractions up to 
and beyond the first confluence. The horizontal tie lines are mean values.
4.5 Discussion of Sediment Sources
With the exception of the material from the Crooked Creek diversion channel and some lake sediments with 
slightly varying AF components, the mineral magnetic characteristics of the catchment and lake sediments 
show an underlying relationship between ferrimagnetic grain size and particle size. The general lack of 
differentiation beyond that imposed by particle size distributions within particular samples means that the 
mineral magnetic data may not be used to unambiguously discriminate between potential sediment sources. 
This applies to the bulk and sand fractionated samples. It is concluded that the uniform granite geology of 
the catchment constrains the overall mineral magnetic attributes of the sediments.
Where sufficient unambiguous differentiation of magnetic characteristics occurs, as is the case with the 
diversion channel bank and other catchment material, then the application of mineral magnetics techniques 
may be very useful for sediment sourcing. The technique has also proved to be useful for correlating sediment 
cores.
In Fig. 4.13 the radionuclide data presented in section 4.3 are combined with the sand fraction data obtained 
from the Crooked Creek delta and channel sediments. As the range of values within the channel sediments 
is relatively small, mean values are given for Crooked Creek data upstream (CCus) of the confluence with 
Boiling Down Creek (BD) as well as below the confluence in Crooked Creek (CCds). The regression line 
for the pre-transition sand fraction from the delta intersects the data from the stream channels nearly enough, 
given the experimental uncertainties, to show that they are closely related.
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There are insufficient data from the post-transition delta sand on which to base any firm conclusions. It is 
possible that a mixing line may exist somewhere between the pre-transition as well as stream channel data 
and that of the diversion channel. In consideration of all of the sand fraction data, more information from 
the delta and catchment is required in order that clearer trends may be established. The radionuclide data 
indicate that the pre-transition sand in the delta is at least substantially derived from bed load sands coming 
from the catchment rather than the diversion channel banks.
Th-232 (mBq/g)
D diversion channel bank f post-trasition sediments (silt & clay) 0 pre-transition sediments (silt & clay) X channel bank profile 
X post-transition sediments (sand fraction) 0  pre-transition sediments (sand fraction)
Fig. 4.13. Combined radionuclide results of the sand and silt-clay fractions from the Crooked Creek delta 
and catchment. Mean values are given for Crooked Creek channel upstream (CCus) of the confluence, 
Boiling Down Creek (BD) and Crooked Creek downstream (CCds) of the confluence. The size of the other 
symbols is related to the standard errors at each point.
The mineral magnetic data have clearly differentiated between the sediments in the delta derived from the 
Crooked Creek diversion channel and those from elsewhere in the catchment. No unambiguous links between 
the bulk samples from the catchment and the sand fraction from the stream channels have been established 
with the lake sediments. By contrast, the radionuclide data are able to discriminate between sand fractions 
at the first confluence on Crooked Creek and indicate the relative contribution of the two tributaries. A firm 
association between these channel sands and the pre-transition sand fraction in the delta is also established. 
In the case of the radionuclide data from the silt-clay fraction, the similarity of the post-transiuon delta 
sediments and material from the diversion channel is in little doubt. Results from the fine fraction also 
indicate that a substantial portion of the fine, pre-transition delta sediments may be derived from stream 
channel banks.
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5 Conclusion
Lake Albert is a small, artificially created lake occupying a natural basin. Since its formation in 1902, a 
series of diversions of near-by creeks occurred resulting in the accumulation of deltaic sediments at the 
diversion outfalls. For part of the history of the Crooked Creek delta and the northern subaqueous fan, 
sedimentation has been modified to an unknown extent by flood control gates, as well as a weir in the case 
of Crooked Creek.
Relatively thick deltaic sequences have accumulated adjacent to the Crooked Creek and Stringybark Creek 
diversion outfalls. A wedge of sediment in the form of a subaqueous fan accumulated at the northern end 
of the lake during the period when Stringybark Creek was diverted into this end of the lake. The main body 
of the lake is covered by a comparatively thin veneer of fine sediment. The nature of sedimentation patterns 
in the deltas is complex despite their simple morphologies. The diverse nature of the vertical and spatial 
stratigraphic sequences may be due a number of factors such as the flash-flood and ephemeral nature of 
discharges as well as fluctuating water levels.
Stratigraphic and lithologic evidence of a rapid transition in sediment source composition is indicated in the 
Crooked Creek delta. From evidence of accelerated delta building, this has been attributed to the period 
between 1958 and 1966. The 137Cs data further define the transition as being after about 1961. 137Cs results 
also show that post-transition sediments are derived from substrate. A small amount of topsoil is also 
detectable using 137Cs, immediately below the transition. 210Pb on the other hand is apparently not as sensitive 
as it does not detect the presence of this topsoil component.
The mineral magnetic data show that the sediment source transition is correlatable across the entire delta. 
This enables a post-transition sedimentation rate for the Crooked Creek delta to be estimated. By combining 
this information with the sedimentation rate of the Stringybark Creek delta, an extrapolation of the data 
forecasts that, at the present rate of sediment accumulation, the lake basin will be filled with sediment in 
about 600 years. It is pointed out that many factors can modify such a projection, not the least of which are 
climate, land use and land management. Approximately 9% of the original volume of the lake basin is now 
filled with sediment
Radionuclide and mineral magnetic data are used to confirm that the principal source of post-transition 
sediments in the Crooked Creek delta is a large erosion gully which was initiated, probably as the result of 
a significant flood, in the lower part of the diversion channel. The fact that the bulk of post-transition 
sediments in the delta stem from a major local source means that the amount of sediment supplied from the 
rest of the Crooked Creek catchment is likely to be relatively small. In contrast, sediment yield from the 
Stringybark Creek catchment is high by Australian standards. Most attention needs to be paid to erosion 
problems in this catchment if sedimentation in the lake is to be reduced. Stream channel banks and gullies 
are expected to be the most likely sources of these sediments.
The effects of sampling and drying lake sediments, as well as long term storage, on mineral magnetic 
characteristics was examined. Transformations in mineral magnetic composition do occur as the result of 
storing sediments in a wet state. The changes tend to reduce the overall concentration of magnetic minerals, 
however, in the case of Lake Albert, the alterations are not believed to be significant in terms of the mineral
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magnetic variability within lake and catchment sediments. In other words, transformation will not have 
significantly influenced the conclusions drawn from the study, however, the drying and storage experiment1 
indicates that lake sediment samples should be dried immediately after sampling.
Mineral magnetic data from the lake and Crooked Creek catchment are dominated by the relative composition 
of ferrimagnetic mineral grain sizes. These variations are, in turn, related to particle size composition. In 
catchment dams fine sediments derived from topsoils have the same mineral magnetic characteristics as fine 
sediments in the lake, indicating that no mineral magnetic differentiation exists between topsoils and substrate 
as the lake sediments are predominantly derived from subsoils. A fairly common antiferromagnetic 
componentis present to some extent in most of the measured samples. A source of fine, FV-SP, ferrimagnetic 
minerals also occurs in the Crooked Creek diversion channel. This material is probably old flood-plain 
deposits of the Murrumbidgee River.
Radionuclide analysis of the silt and clay sediment fraction from the Crooked Creek delta and catchment 
confirm the results obtained from the mineral magnetic data, namely, that the post-transition delta sediments 
are derived from the adjacent diversion channel. The bulk of the pre-transition delta sediments are most 
likely to have come from channel bank alluvium.
The ability of mineral magnetic methods to fingerprint and distinguish between channel sand sediments was 
shown to be equivocal. This is not surprising considering the uniform nature of the underlying geology in 
the Crooked Creek catchment. The negative result obtained does not, however, rule out the use of this 
approach in catchments with distinctive geological differentiation.
By contrast, the radionuclide data are able to clearly differentiate between sand sediments at the confluence 
of Crooked and Boiling Down Creeks, revealing that the latter contributes slightly more than half of the 
bed-load sand to the downstream reaches. Continuity of signatures was demonstrated spatially, above and 
below the confluence, and temporally with samples obtained three months after the original sampling having 
the same composition. Pre-1969 channel sand from the cut-off stream course also indicated that the temporal 
continuity of channel sediment sources probably exceeds 30 years.
The potential for using naturally occurring radionuclides to distinguish between sediment sources must be 
viewed with considerable optimism. In combination, mineral magnetic and radionuclide techniques used 
in sediment tracing studies offer distinct advantages over other methods. While the use of mineral magnetics 
has limitations under circumstances which are now better understood, it provides a rapid and inexpensive 
method which may be used in lake and catchment studies. The measurement of radionuclides in these 
investigations provides a complimentary approach that will see significant development in Australia.
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Appendixes
7.1 Lake Albert Gamma Spectrometer Data
238u
mBq/g
se 226Ra
mBq/g
se 2l0Pb s 
mBq/g
CCD2 <63|im
0-28.5 cm 40 11 42.2 1.1
33.5-56.5 40 6 41.7 0.8
71-89 40 5 38.3 0.7 40
100-114.5 38 10 35.8 1.1
115.5-155.5 38 14 52.7 1.3
155.5-173.5 59 4.1 47.1 0.6 52
173.5-198 56 10 50.0 1.0
198-234 47 5 47.4 0.7 37
234-260 50 13 44.3 1.1
260-287 47.5 12 42.5 1.3
CCD2 >63|im
0-28.5 cm 27 14 24.5 1.0
71-89 7 21 11.9 1.4
115.5-155.5 37 28 6.6 0.6
173.5-198 19 21 17.5 1.5
198-234 49 20 20.7 1.4
260-287 107 22 52.1 1.7
62
e 228Ra 
mBq/g
se 228Xh
mBq/g
se 4°k
mBq/g
se 137Cs
mBq/g
se 228Th/
^R a
se
54.0 2.2 55.4 1.5 422 16 0.4 0.5 1.03 0.049
54.5 1.4 53.2 1.1 409 12 0.2 0.3 0.98 0.032
6 55.2 1.5 56.6 0.9 396 10 0.3 0.4 1.03 0.032
50.5 2.1 46.7 1.3 342 14 0.3 0.5 0.92 0.046
59.7 2.5 57.8 1.5 495 18 1.1 0.7 0.97 0.047
5 50.0 1.2 50.1 0.8 476 9 3 0.4 1.00 0.028
58.1 1.8 55.4 1.3 497 15 1 0.5 0.95 0.037
6 60.1 1.5 57.5 0.9 483 10 0.3 0.4 0.96 0.028
51.4 2.0 48.6 1.3 458 16 0.8 0.8 0.95 0.044
51.6 2.4 51.7 1.5 421 17 0.8 0.8 1.00 0.054
18.9 1.9 18.3 1.1 373 15 0.2 0.6 0.97 0.113
14.4 3.2 14.3 2.1 696 26 0.5 1.2 0.99 0.270
5.6 1.2 3.3 0.7 209 9 0.3 0.4 0.59 0.177
9.1 3.2 10.1 2.2 633 26 0.7 1.1 1.09 0.448
15.5 3.1 15.7 1.8 733 27 0.7 1.1 1.01 0.232
22.6 3.2 24.2 1.9 1549 44 0.5 1 1.07 0.176
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238U se 226Ra se
mBq/g mBq/g
Channel Bank 
Profile
PI 0-2 cm 54 10 54.8 1.1
PI 2-5 113 20 84.2 2.1
PI 5-10 65 8 63.2 1.1
PI 10-30 70 11 54.6 1.1
PI 30-60 64 11 57.3 1.1
Crooked Creek 
Diversion Channel
CCDCl <63|xm 36 5 35.3 0.7
CCDC1 >63fim 19 16 14.4 1.1
CCDC2 <63p.m 30 6 35.2 0.6
CCDC2 >63|im 57 9 47.0 0.9
CCDC3 <63nm 14 6 12.9 0.5
CCDC3 >63 qm 17 6 17.9 0.5
210Pb s 
mBq/g
63
“ Ra
mBq/g
se 228>j^
mBq/g
se 4°k
mBq/g
se 137Cs
mBq/g
se 228Th/
^ R a
se
55.2 1.8 54.6 1.2 390 13 0.4 0.5 0.99 0.038
66.6 3.3 69.5 2.1 572 24 1.6 0.9 1.04 0.060
56.8 1.5 58.5 1.2 438 13 2.5 0.5 1.03 0.034
48.5 1.8 49.3 1.2 440 14 2.2 0.5 1.02 0.045
54.5 1.8 55.7 1.3 432 14 0.4 0.5 1.02 0.041
57.1 1.3 58.2 1.1 434 13 0.2 0.3 1.02 0.030
10.9 2.4 12.1 1.3 413 19 0.6 0.7 1.11 0.278
58.5 1.3 58.3 1.1 348 10 0.2 0.3 1.00 0.029
73.8 1.9 73.0 1.5 727 20 0.7 0.4 0.99 0.032
15.8 0.9 16.2 0.5 269 9 0.2 0.3 1.03 0.066
7.1 0.9 7.6 0.5 760 20 0.1 0.3 1.07 0.152
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aitJ  se 226Ra se 21°Pb se 
mBq/g mBq/g mBq/g
Crooked Creek 
Upstream
Cl 19 6 20.7 0.5
CIA 16 5 23.4 0.5
C2 15 5 22.4 0.5
C2A 21 5 22.6 0.5
C17 25 3 25.2 0.4
C60 24 4 22.7 0.4
Boiling Down 
Creek
C3 23 3 19.5 0.4
C3A 17 4 17.8 0.4
C4 21 2 17.2 0.3
C5A 22 6 19.7 0.5
64
^ R a
mBq/g
se 228Xh
mBq/g
se 4°k
mBq/g
se 137Cs
mBq/g
se 228Th/
’“ Ra
se
7.1 0.9 6.5 0.8 941 24 0.2 0.3 0.92 0.161
6.3 0.7 6.0 0.5 760 19 0.5 0.2 0.95 0.132
6.1 0.8 6.1 0.6 1049 26 0.2 0.3 1.00 0.163
6.3 0.8 5.4 0.5 708 18 0.2 0.3 0.86 0.134
9.5 0.9 8.8 0.6 1495 20 0.2 0.3 0.93 0.108
5.6 0.7 5.3 0.5 802 20 0.1 0.2 0.95 0.143
9.6 0.7 9.5 0.4 746 12 0.2 0.2 0.99 0.083
8.9 0.7 9.2 0.5 910 22 0.3 0.2 1.04 0.102
8.0 0.7 9.0 0.4 946 13 0.1 0.2 1.13 0.110
9.9 0.9 9.4 0.6 990 25 0.2 0.3 0.95 0.105
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238U se 226Ra se 
mBq/g mBq/g
Crooked Creek 
Downstream
C50 19 4 19.9 0.4
C51 19 5 16.7 0.4
C52 17 3 19.8 0.3
C53 17 5 21.1 0.5
C54 20 5 19.6 0.5
C55 22 4 19.5 0.4
C56 27 4 19.5 0.4
Crooked Creek -
Cut Off Channel 22 4 19.5 0.4
210Pb
mBq/g
65
^ R a
mBq/g
se 228rjij^
mBq/g
se 4°k
mBq/g
se 137Cs
mBq/g
se 228T h/
“ Ra
se
7.1 0.6 7.5 0.4 586 15 0.1 0.2 1.06 0.115
5.7 0.8 7.1 0.5 695 18 0.2 0.2 1.24 0.189
7.6 0.5 7.1 0.3 719 17 0.01 0.1 0.94 0.073
7.3 0.7 6.8 0.5 939 23 0.3 0.3 0.93 0.112
6.0 0.8 6.7 0.5 707 18 0.2 0.2 1.12 0.170
6.9 0.6 7.1 0.4 955 23 0.1 0.2 1.02 0.113
6.7 0.7 6.1 0.5 623 16 0.1 0.2 0.92 0.117
7.4 0.6 7.1 0.5 554 14 0.1 0.2 0.96 0.103
. i
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7.2 Lake Albert Cores 
CCD1
0-12 cm sand; dull brown; fine to medium grained; very well sorted; 1 cm clay lamina in lower 
half; coarser grained at base; many root fragments; sharp, erosional basal contact
12-19 clayey sand; dull brown; medium to coarse grained; increasing clay towards top; root 
fragments; grades into unit below
19-40.5 sand; dull brown; medium to very coarse grained; moderately to poorly sorted; 
occasional pebbles in lower half; few root fragments; sharp basal contact
40.5-64.5 sandy and silty clay; brown; thinly bedded although beds generally poorly defined; 
sharp basal contact
64.5-72 clayey sand; dull brown; generally medium grained; occasional coarser grains; sharp 
basal contact
72-75.5 silty clay; brown; sharp basal contact
75.5-86 clayey sand; dull reddish brown; medium to coarse grained with occasional granules 
and pebbles; moderately to poorly sorted; increasingly clayey in lower half with few 
plant fragments; sharp basal contact
86-102 silty to sandy clay; brown; 1 cm lamina of medium sand near centre; grades to clay 
towards base with plant fragment at base; sharp basal contact
102-105 sand; grayish yellow brown; medium grained; sharp basal contact
105-111 clayey sand; dull yellowish brown; fine grained; micaceous; few fine plant fragments; 
sharp basal contact
111-129 sand; brown; medium to very coarse grained; frequent granules; moderately sorted; 
clayey fragments in lower half; sharp basal contact
129-131 silty clay; dull yellowish brown; sharp basal contact
131-138 clayey sand; dull yellowish brown; fine grained; generally fines upwards from base; 
sharp ?erosional basal contact
138-146 clayey sand; dull yellowish brown; very fine grained; micaceous; occasional very fine 
plant fragments; coarsely laminated to very thinly bedded; sharp basal contact
146-154 clayey sand; dull yellowish brown; fine to medium grained; few fine plant fragments; 
irregular, sharply gradational basal contact
154-170.5 sandy clay; dull yellowish brown; micaceous; irregular basal contact
170.5-172.5 clay; dark brown; few plant fragments; irregular basal contact
172.5-182 sandy to silty clay; dull yellowish brown; frequent plant fragments; micaceous; clay 
lamina at base; sharp basal contact
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182-191
191-204
204-234.5
234.5- 239 
239-264.5
264.5- 298 
298-309
309-323
CCD2
silty clay; dull yellowish brown; laminated to very finely laminated towards base; 
occasional fine plant fragments; very sharp basal contact
sand; dull yellowish brown; medium to very coarse grained and occasionally granular; 
clayey towards base; moderately sorted; very sharp basal contact
silty clay; dull yellowish brown; laminated; sharp basal contact
sand; dull yellowish brown; medium to very coarse grained; clay matrix; moderately 
sorted; irregular clay lamina at base
sand; dull brown; medium to very coarse grained; moderately sorted; occasional 
granules and clay fragments; moderately sharp basal contact
sand; dull yellowish brown; medium to mainly coarse and very coarse grained and 
granular; clay matrix; poorly sorted; very sharp, irregular, basal contact
Base of lake sediment
clay; brownish black
clayey sand; dull yellowish brown; fine to very fine grained; micaceous; sharp basal
contact
0-16 cm
16-28.5
28.5-29
29-31.5
31.5- 33.5
33.5- 37.5
37.5- 41
41-45
45-56.5
56.5- 60.5
60.5- 71
71-80.5
80.5- 89
sand; reddish brown; medium to very coarse grained; occasional granules; moderately 
sorted; frequent roots; very clayey at top; very sharp basal contact
clayey sand; dark brown; very fine grained; frequent fine black plant fragments; 
laminated at base
sand; brown; fine grained; clayey
clayey sand; brown; very fine grained; fine grained lens at centre; grades sharply 
into unit below
clay; brown; abundant fine plant fragments; moderately sharp basal contact 
silty clay; brown; grades into unit below
clayey sand; brown; very fine grained; finely to coarsely laminated; moderately sharp 
basal contact
clayey sand; brown; very fine to fine grained; grades into unit below
sandy to silty clay; laminated; sub-horizontal basal contact
clayey sand; reddish brown; fine to coarse grained; moderately sharp basal contact
clayey sand; brown; mainly very fine to fine grained; increasing frequency of coarser 
grains towards top; granular lamina near top; grades into unit below
clayey sand; brown; very fine to fine grained; grades into unit below
clayey sand; brown; very fine grained; grades sharply into unit below
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89-92 silty clay; brown; grades into unit below
92-95 clay; brown; few plant fragments; grades into unit below ’
95-97 sandy clay; reddish brown; grades into unit below
97-100 clay; reddish brown; grades into unit below
100-102 clay; brown; moderately sharp basal contact
102-114.5 sandy clay; brown; laminated to very thinly bedded; large plant fragment at base; 
sharp basal contact
114.5-115.5 clay; dull brown; sharp basal contact
115.5-134 sand; brown; medium to very coarse grained and occasionally granular; moderately 
sorted; mainly quartzose; sharp basal contact
134-135.5 sand; brown; fine to medium grained; very well sorted; sharp basal contact
135.5-140 sandy clay; brown; sharp basal contact
140-140.5 clayey sand; brown; charcoal fragment
140.5-141.5 silty clay; greyish yellow brown; sharp basal contact
141.5-144.5 sandy clay; greyish yellow brown; sharp basal contact
144.5-145.5 sand; yellowish brown; fine grained; sharp basal contacts
145.5-151 silty clay; dull yellow brown; laminated to very thinly bedded; sandy lamina at centre; 
sharp basal contact
151-153 sandy clay; brown; laminated; sharp basal contact
153-155.5 silty clay; dull yellowish brown;
155.5-165.5 sandy clay; brown; sharp basal contact
165.5-173.5 silty clay; dull yellowish brown; laminated to thinly bedded; grades into unit below
173.5-179.5 clay; dull yellowish brown; very thinly bedded; moderately sharp basal contact
179.5-182 ' silty clay; dull yellowish brown; laminated
182-184.5 clay; dull yellowish brown; laminated; sharp basal contact
184.5-192.5 sandy clay; dull yellowish brown; micaceous; sharp basal contact
192.5-198 sand; dull yellowish brown; clayey; medium to very coarse grained; moderately 
sorted; moderately sharp basal contact
198-205.5 clayey sand; dull yellowish brown; occasional very coarse grains; moderately sharp 
basal contact
205.5-213.5 sand; dull yellowish brown; very clayey; medium to very coarse grained; moderately 
sorted; sharp basal contact
213.5-215.5 sandy clay; dull yellowish brown; large plant fragment; sharp basal contact
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215.5- 219
219-225.5
225.5- 227 
227-234
234-237.5
237.5- 243 
243-247 
247-250.5
250.5- 254.5
254.5- 260
260-266
266-273
273-275.5
275.5- 287
287-290
CCD3
silty clay; dull yellowish brown; sandy towards top; sharp basal contact
clay; dull yellowish brown with reddish mottles; sharp basal contact
clay; greyish yellow brown; lighter coloured, silty lenses towards base; sharp basal 
contact
silty clay; dull yellowish brown; sharp, irregular basal contact
clay; greyish yellow brown; silty lenses towards base; interlaminated with unit below
silty clay; dull yellowish brown; gray clay lens near base; very sharp basal contact
greyish yellow brown clay interlaminated with greyish yellow brown silty clay; sharp 
basal contact
clay; greyish yellow brown; laminated; sharp basal contact
sandy clay; dull yellowish brown; coarse to very coarse grained; moderately sharp 
sub-horizontal basal contact
clay; greyish yellow brown; fine lighter coloured sandy lenses; grades into unit below
sandy clay; dull yellowish brown; sharp basal contact
clay; greyish yellow brown; finely laminated; very sharp basal contact
clayey sand; dull yellowish brown; fine to very coarse grained; fine sand in lamina 
at base; very sharp basal contact
Base of lake sediment
clay; brownish black
sand; dull yellowish brown; fine grained; very well sorted; moderately sharp basal
contact
0-5 cm
5-6.5
6.5-10.5
10.5-15
15-19
19-36
36-73
sandy clay; brown; sand lens in lower half; sharp basal contact
sand; bright brown; fine grained; slightly clayey; moderately sharp basal contact
sand; brown; clay matrix; medium to very fine grained; occasional granules; 
moderately to poorly sorted; moderately sharp basal contact
sand; dull yellowish brown; very clayey; medium to very coarse grained; moderately 
sorted; quartzose; sharp basal contact
sand; brown; medium to very coarse grained; moderately sorted; sharp basal contact
sand; brown; clay matrix; medium to very coarse grained; occasional granules and 
small pebbles; moderately sorted; moderately sharp basal contact
clayey sand; brown; medium to very coarse grained; frequent granules and pebbles; 
moderately sorted; occasional roots; sharp basal contact
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73-92
92-102
102-109
109-112
112-116.5
116.5- 125 
125-128.5
128.5- 138 
138-152
152-156
156-160.5
160.5- 170 
170-187
187-200.5
200.5- 207 
207-223
223-227
227-231
231-236
236-264
264-267
267-269
269-291
granular sand; dull yellowish brown; medium to very coarse grained; moderately 
sorted; clay matrix; moderately sharp basal contact 1
sand; dull yellowish brown; medium to coarse grained; occasional very coarse grains; ' 
large pebble near centre; clay matrix; moderately to well sorted; sharp basal contact
clayey sand; dull yellowish brown; fine to medium grained; coarser and less clayey 
towards top; micaceous; moderately sharp basal contact
clayey sand; dull yellowish brown; fine to medium grained; sharp basal contact
clayey sand; greyish yellow brown; very fine to fine grained; micaceous; moderately 
sharp basal contact
sandy clay; dull yellowish brown; grayer towards base; grades sharply into unit below
silty to sandy clay; greyish yellow brown; moderately sharp, irregular, basal contact
silty to sandy clay; dull yellowish brown; sharp basal contact
clayey sand; dull yellowish brown; mainly fine grained; more common coarser grains 
towards top
silty clay; greyish yellow brown; finely laminated
sandy and silty clay; greyish yellow brown; finely laminated; sharp basal contact
clay and silty clay; greyish yellow brown; finely interlaminated; sharp basal contact
sand; dull yellowish brown; medium to very coarse grained; occasional granules; 
moderately sorted; clay matrix; sharp basal contact
silty clay; brown; micaceous; weakly developed laminae; sharp basal contact
silty clay; dull yellowish brown; finely to coarsely laminated; very sharp basal contact
sand; dull yellowish brown; very clayey; medium to very grained; moderately sorted; 
occasional granules; moderately sharp basal contact
clayey sand; dull yellowish brown; medium grained; sharp basal contact
sand; dull yellowish brown; medium to coarse grained; well sorted; clay matrix; sharp 
basal contact
clay; dull yellowish brown and brownish gray coarsely laminated; moderately sharp 
basal contact
sand; dull yellowish brown; very clayey; medium to very coarse grained; granular in 
places; moderately sorted; large plant fragment near centre; sharp basal contact
silty clay; greyish yellow brown; sharp basal contact
sand; dull yellowish brown; clay matrix; medium to coarse grained; very sharp basal 
contact
Base of lake sediment
clay; brownish black; soil structures
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CCI
0-2.5 cm
2.5- 5
5- 6
6- 6.5
6.5- 12 
12-15
15-19
19-24
24-30
30-33
33-36
36-38.5
38.5- 41.5
41.5- 46 
46-49
49- 50
50- 53 
53-62.5
62.5- 68 
68-72 
72-75.5
sandy clay; brown; grades into unit below
clay; brown; grades to dull yellowish brown at base; sharp basal contact 
silty clay; brown; moderately sharp basal contact 
clay; brown
silty clay; brown; few fíne dark mottles; sharp basal contact
sand; coloured by brown matrix; coarse to very coarse grained and slightly granular; 
moderately sorted; sharp basal contact
sand; dull yellowish brown; clay matrix; coarse to very coarse grained; occasional 
plant fragments; sharp basal contact
sand; dull yellowish brown; clay matrix; medium to coarse grained; well sorted; sharp 
basal contact
sand; medium to very coarse grained; moderately to well sorted; occasional granules; 
sharp basal contact
sand; dull yellowish brown; clay matrix; fine to medium grained; organic lenses; 
moderately sharp basal contact
sand; fíne to very coarse grained; poorly sorted; some organic material in matrix; 
sharp basal contact
clayey sand; brown; very fine to fine grained; few plant fragments; grades sharply 
into unit below
clayey sand; brown; moderately sharp basal contact
clayey sand; dull yellowish brown; fine to medium grained; sharp basal contact 
clayey sand; brown; very fine to fine grained; sharp basal contact 
clayey sand; brown; very fine to fine grained; sharp basal contact 
clay; greyish yellow brown; sharp basal contact
sand; greyish yellow brown; medium to coarse grained; well sorted; up to very coarse 
grained towards base; sharp basal contact
sand; greyish yellow brown; coarse to very coarse grained and occasional granular; 
well sorted; moderately sharp, irregular basal contact
sand; greyish yellow brown; medium to coarse grained; well sorted; moderately sharp 
basal contact
sand; greyish yellow brown; coarse to very coarse grained and granular; moderately 
sorted; sharp basal contact
75.5- 79 
79-85.5
85.5- 88 
88-90.5
90.5- 99
99-118
118-120
120-126.5
126.5- 142
CC3
0-4 cm 
4-6.5
6.5- 14
14-16
16-21.5
21.5- 26 
26-28.5
28.5- 36 
36-38 
38-44.5
44.5- 49
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sand; dull yellowish brown; fine to medium grained; clay lamina at top; frequent' 
plant/charcoal fragments; very coarse grained lamina at centre; clayey matrix; sharp 
basal contact
sand; greyish yellow brown; medium grained; coarser grained lamina at base; sharp 
basal contact
silty clay; dull yellowish brown; sharp basal contact 
Distinct change in sediment character
sand; greyish yellow brown; medium to coarse grained; well sorted; sharp colour 
boundary at base, however there is no textural change
sand; same as unit above but coloured by black ?organic material
as for 90.5-99 cm unit; sharp basal contact
sand; greyish yellow brown clay matrix; medium to coarse grained; sharp basal contact 
sandy clay; dark greyish yellow; undifferentiated; sand up to coarse grain size
sand; dull yellowish brown; medium grained; few coarser grains at top; sharp basal
contact 1
silty clay; dull yellowish brown; sandy lenses; moderately sharp basal contact
very clayey sand; olive brown; fine grained; grades into unit below
silty clay; dull yellowish brown; slightly sandy lenses; few root fragments; grades 
sharply into unit below
clay; dull yellowish brown; fine lenses towards top; sharp basal contact
silty clay; yellowish gray; sandy lenses; few fine plant fragments; sharply grades into 
unit below
clay and fine to very fine sand; yellowish gray; fine clay lamina with plant fragments 
at base; sharp basal contact
clay and silty to sandy clay finely interlaminated; yellowish gray; fine plant fragments; 
sharp basal contact
silty clay; yellowish gray; fine plant fragments in upper half; sharp wavy basal contact 
clay; brownish gray; abundant fine plant fragments
sand; coloured by dark greyish yellow clay matrix; medium to very coarse grained; 
moderately to poorly sorted; few plant fragments; moderately sharp basal contact
clay and sand intermixed; very fine to medium grained sand; yellowish gray clay; 
moderately sharp basal contact
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49-52
52-57
57-68.5
68.5- 69.5
69.5- 71 
71-79
79-88.5
88:5-112
CC4
sand; coloured by yellowish gray clay matrix; medium to very coarse grained; poorly 
sorted; root fragments; large clayey lens at base; shaip basal contact 1
sand; coloured by yellowish gray clay matrix; medium to very coarse grained; 
moderately to poorly sorted; occasionally granular; moderately distinct basal contact
gravely sand; coloured by dull yellowish brown clay; medium to very coarse grained; 
clasts to 6 mm; poorly sorted; generally grades to medium grained close to top; roots 
at base; sharp basal contact
sandy clay; dull yellowish brown; coarse sand lamina at base 
clay; slightly sandy; greyish yellow brown
sand; coloured by dull brown clay matrix; medium to very coarse grained; moderately 
to poorly sorted; 1 cm granular band near base
sandy clay interlaminated with clayey sand - 60:40; greyish yellow brown; few fine 
black, organic lenses; sharp, irregular basal contact
Base of lake sediment
clay; brownish black
0-5 cm
5-7
7-19
19-21
21-27.5
27.5- 30.5
30.5- 32.5
32.5- 36 
36-43.5
43.5- 44.5
44.5- 57
57-60.5
silty clay; brownish gray; few fine plant fragments; sharp, sub-horizontal basal contact 
clay; brownish gray; laminated; possible ?load casts near base; sharp basal contact
silty clay; greyish yellow brown and dull yellowish brown; laminated to very thinly 
bedded; few sandy laminae; very fine, black plant fragments; grades sharply into unit 
below
sandy clay; brownish gray; sharp basal contact
silty clay; brownish gray; laminated to very thinly bedded; slightly sandy in places; 
few fine plant fragments; grades sharply into unit below
sandy clay and silty clay interlaminated, 60:40; brownish gray; grades into unit below 
silty clay; brownish gray; grades sharply into unit below 
silty clay; brownish gray; grades into unit below
silty clay; brownish gray; sandy in places; plant fragments; moderately sharp basal 
contact
silty clay; brownish gray; sharp basal contact
very sandy clay; gray; frequent fine to medium grained sand lenses and laminae; few 
fine roots; sharp, irregular basal contact
clay; darkish gray; moderately sharp basal contact
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60.5-64.5
64.5-67
67-69.5
69.5-73.5
73.5- 75.5
75.5- 79
79-100
CC5
sand; coloured by brownish gray clay matrix; medium to very coarse grained; 
moderately sorted; few small pebbles; clayey lens at centre; sharp basal contact
clay; darkish gray; moderately sharp basal contact
clayey sand and sandy clay; greyish olive; grades from medium grained clayey sand 
at base to sandy clay at top; moderately sharp basal contact
sand; coloured by greyish olive clay matrix; medium to coarse grained; well sorted; 
sharp basal contacts
clay; darkish gray; sharp, slightly irregular, basal contact 
silty clay; yellowish gray; sharp basal contact 
Base of lake sediment
sand; coloured by brownish black to black clay matrix; occasionally granular; large 
charcoal fragment at base
0-1.5 cm
1.5- 4.5
4.5- 11 
11-13 
13-14.5
14.5- 24
24-27.5
27.5- 29 
29-31.5
31.5- 38.5
38.5- 43.5
43.5- 44.5
44.5- 46.5
46.5- 47 
47-53 
53-54.5
54.5- 56
silty clay; brown; moderately sharp basal contact
clayey sand; brown; fine grained; grades into unit below
clayey sand; brown; very fine grained; moderately sharp basal contact
clayey sand; brown; moderately sharp basal contact
silty clay; brown; sharp basal contact
sand; brown; fine to medium grained; clay matrix; very well sorted; sharp, ?erosional 
basal contact
very clayey sand; dull yellowish brown; very fine grained to silty; sharp basal contact 
clayey sand; dull yellowish brown; very fine grained; sharp basal contact 
silty clay; greyish yellow brown; sharp basal contact
sand; dull yellowish brown; very fine grained; clayey lenses; sharp basal contact
silty clay; dull yellowish brown; sandy lenses and laminae; plant fragments; sharp 
basal contact
clayey sand; dull yellowish brown; very fine grained
silty clay; dull yellowish brown; laminated; moderately sharp basal contact
sand; yellowish brown; very fine grained; clay matrix; sharp basal contact
silty clay; dull yellowish brown; finely laminated; moderately sharp basal contact
clayey to silty sand; dull yellowish brown; very fine grained; sharp basal contact
clay; dull yellowish brown; very fine, lighter coloured lenses in upper half; sharp
basal contact
56-58
58-63
63-64.5
64.5- 69
69-72
72-88
88-90
90-94
94- 95
95- 95.5
95.5- 97.5
97.5- 98.5
98.5- 99.5
99.5- 100.5
100.5- 102.5
102.5- 103 
103-106
106-109.5
109.5- 111.5
111.5- 114.5
114.5- 117 
117-196
CCI 
0-8.5 cm
8.5- 11.5
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clayey sand; dull yellowish brown; very fine grained; numerous fine plant fragments; 
moderately sharp basal contact
sandy clay; dull yellowish brown; sharp basal contact
clayey sand interlaminated to very thinly interbedded with sandy to silty clay; dull 
yellowish brown; very fine grained sand; coarse to very coarse sand in few lamina
clayey sand; dull yellowish brown; very fine grained; sharp basal contact
sand; dull yellowish brown; medium to very coarse grained; moderately sorted; finer 
grained with clay matrix towards top; sharp basal contact
sandy clay; dull yellowish brown; shaip, irregular basal contact
clay; greyish yellow brown; lighter coloured lenses at centre; sharp basal contact
clayey sand; dull yellowish brown; moderately sharp basal contact
clay; greyish yellow brown; moderately sharp basal contact
sandy clay; dull yellowish brown; sharp, irregular basal contact
clay; greyish yellow brown; moderately sharp basal contact
clayey sand; greyish yellow brown; very fine grained; moderately sharp basal contact
sand; dull yellowish brown; fine grained; sharp basal contact
silty clay; dull yellowish brown; grades sharply into unit below
clay; greyish yellow brown; sharp basal contact
silty clay; dull yellowish brown; two darker clay laminae with irregular ?flammate 
contacts; sharp, irregular basal contact
silty clay; dull yellowish brown; grading to darker clay at top; sharp basal contact 
clay; greyish yellow brown; fine, lighter coloured lenses in lower half
silty clay; dull yellowish brown; fine, darker lenses in lower half; grades sharply into 
unit below
clayey sand; dull yellowish brown; very fine grained; sharp basal contact
Base of lake sediment
clay; brownish black; soil structures
clayey sand; dull yellowish brown; very fine grained; grades into unit below
clayey sand; dull yellowish brown; very fine grained; fine plant fragments; grades 
into unit below
silty to sandy clay; dull yellowish brown; frequent plant fragments; poorly defined
basal contact
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11.5- 15.5
15.5- 19.5
19.5- 21 
21-24.5
24.5- 29 
29-37 
37-50
50-52
52-54
54-56
56- 57
57- 64.5
64.5- 72
72-78.5
78.5- 88
88-90
90-96
96-111
CC8
0-3 cm
3-5.5
5.5- 8
8- 9
9-  10 
10-10.5
10.5- 13
silty to sandy clay; dull yellowish brown; sharp basal contact
clayey sand; dull yellowish brown; very fine grained; moderately sharp basal contact
sand; dull yellowish brown; very fine grained; clayey; sharp basal contact
clay; greyish yellow brown; sandy at top; moderately sharp basal contact
sandy to silty clay; greyish yellow brown; sandier towards base; sharp basal contact
clayey sand interlaminated to very thinly interbedded with silty to sandy clay, 70:30; 
dull yellowish brown; very fine grained sand; occasional large plant fragments; sharp 
basal contact
clay; greyish yellow brown; sharp basal contact 
silty clay; greyish yellow brown; sharp basal contact 
organic material intermixed with clay
clayey sand; dull yellowish brown; very fine grained; moderately sharp basal contact
clay; greyish yellow brown; slightly silty; plant fragments
silty clay; greyish yellow brown; sandy lenses and laminae towards base; sharp basal 
contact
clay; greyish yellow brown; sharp basal contact
sand; greyish yellow brown; very fine grained; darker clayey lenses towards base 
grading into clayey sand at top; moderately sharp basal contact
clayey sand; dark yellow brown; very fine grained; sharp basal contact
sand; dull yellowish brown at top grading to darker and clayey in lower half; dark 
clayey laminae at top ; very fine grained; sharp basal contact
Base of lake sediment
clay; brownish black; soil structures
clayey sand; dull yellowish brown; very fine grained; grades into unit below
clay; dull yellowish brown; silty towards base; sandy lamina at base; moderately sharp 
basal contact
silty clay; finely laminated at base; sharp basal contact 
clay; greyish yellow brown; grades sharply into unit below 
clayey sand; dull yellowish brown; moderately sharp basal contact 
silty clay; greyish yellow brown; moderately sharp basal contact 
clayey sand; dull yellowish brown; moderately sharp basal contact 
silty clay; greyish yellow brown; grades sharply into unit below
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13-14 clayey sand; greyish yellow brown; grades sharply into unit below
14-17 clay; greyish yellow brown; lighter coloured lamina at base t
17-18.5 silty clay; greyish yellow brown; laminated; sharp basal contact
18.5-20 clayey sand; dull yellowish brown; very fine grained; moderately sharp basal contact
20-22.5 clayey sand; dull yellowish brown; very fine grained; darker lamina at top; sharp basal 
contact
22.5-23 sandy clay; dull yellowish brown; sharp basal contact
23-24.5 clayey sand; dull yellowish brown; very fine grained; darker clay lamina at top; sharp 
basal contact
24.5-25.5 clay; dull yellowish brown; grades sharply into unit below
25.5-27.5 clayey sand; dull yellowish brown; very fine grained; few plant fragments; sharp basal 
contact
27.5-28 clayey sand; dull yellowish brown; very fine grained; darker clay lamina at top; 
moderately sharp basal contact
28-29.5 silty clay; dull yellowish brown; sharp basal contact
29.5-30 silty clay; greyish yellow brown; frequent plant fragments; sharp basal contact
30-31 clayey sand; dull yellowish brown; very fine grained; fine clay lamina at top; sharp 
basal contact
31-32 clay; dull yellowish brown; poorly defined basal contact
32-34 clayey sand; dull yellowish brown; very fine grained; moderately sharp basal contact
34-39 clay; greyish yellow brown; silty lamina at top and base
39-44 clay; dull yellowish brown; lighter coloured lamina at base; sharp, wavy basal contact
44-45.5 silty clay; dull yellowish brown; abundant plant fragments; moderately sharp, wavy 
basal contact
45.5-52 sandy clay; yellowish brown; few fine plant fragments; moderately sharp basal contact
52-54.5 clayey sand; dull yellowish brown; very fine grained; darker lens at top; sharp, slightly 
irregular basal contact
54.5-55 clay; greyish yellow brown
55-61.5 clayey sand; dull yellowish brown at top grading to greyish yellow brown in lower 
half; very fine grained; dark clay lamina at base
61.5-67 sand; coloured by dull yellowish brown clay matrix; fine to coarse grained; well sorted
67-70.5 clayey sand; dull yellowish brown; very fine to fine grained; moderately sharp basal 
contact
70.5-73.5 silty clay; dull yellowish brown; large brownish gray clay clast occupying most of 
unit; moderately sharp basal contact
Appendixes 78
73.5- 75
75- 76
76- 79.5
79.5- 81 
81-82 
82-83.5
83.5- 87
87-117
CC10
0-0.5 cm 
0.5-2.5
2.5- 7 
7-22.5
22.5- 25.5
25.5- 27.5
27.5- 31 
31-39.5
39.5- 46
46-51.5
51.5- 71
clay; greyish yellow brown; sharp basal contact
clayey sand; dull yellowish brown; very fine grained; sharp basal contact
clay; greyish yellow brown; poorly defined basal contact
clayey sand; dull yellowish brown; very fine grained; sharp basal contact
silty clay; greyish yellow brown; moderately sharp basal contact
clayey sand; dull yellowish brown; very fine grained; large brownish black clay lens 
at centre - similar to material below; shaip basal contact
Base of lake sediment
clay; brownish black; soil structures
clayey silt; dull yellowish brown; sharp basal contact
clayey sand; brown; fine to medium grained
clayey sand; dull yellowish brown; very fine to fine grained; thin clay lamina at top; 
few fine plant fragments; sharp basal contact
silty to slightly sandy clay; brownish gray; finely to coarsely laminated; two thin 
laminae near centre and at base containing abundant plant fragments
clay; brownish gray; poorly defined laminae and thin bedding; abundant plant 
fragments in band at 12.5-14.5 cm; distinct, slightly irregular basal contact
clay; brownish gray; irregular lamina at top; very fine plant fragments throughout rest 
of unit; large root fragment at base; sharp basal contact, dipping approximately 12°
clayey sand; yellowish gray; very fine to medium grained; sharp basal contact dipping 
12°
silty clay; brownish gray; abundant fine plant fragments; sub-horizontal to 
sub-vertical, ?slumped basal contact
clay; brownish gray; occasional fine plant fragments; sandy lenses near base; sharp 
basal contact
sand; coloured by brownish gray clay matrix; medium to very coarse grained; 
moderately sorted; few granules and pebbles; large root fragment near centre; sharp, 
erosional, basal contact
clay; darker brownish gray; irregularly interlensed and coarsely interlaminated with 
lighter brownish gray, silty clay; sharp irregular basal contact
Base of lake sediment
clay; brownish black
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CC11
0-5 cm
5-8
8-11.5
11.5- 13.5
13.5- 15 
15-15.5
15.5-17.5
17.5- 19 
19-27
27-33.5
33.5- 35 
35-37.5
37.5- 39
39- 40
40- 46
46-49
49-50.5
50.5- 56.5
56.5-88
CC12
silty clay; dull yellowish brown; grades into unit below
sandy clay; dull yellowish brown; sandier towards base; moderately sharp basal 
contact
sandy clay; dull yellowish brown; moderately sharp basal contact
clay; dull yellowish brown; darker lamina at base; sharp, sub-horizontal, basal contact
clay; greyish yellow brown; lighter coloured lamina at base; sharp basal contact
clayey sand; dull yellowish brown; very fine grained; abundant fine plant fragments; 
sharp basal contact
clay; dull yellowish brown; fine sand lens near centre and top; moderately sharp basal 
contact
clay; dull yellowish brown; poorly defined basal contact
sandy clay; dull yellowish brown; sandier towards base; moderately sharp basal 
contact
clay; dull yellowish brown; occasional fine plant fragments; moderately shaip basal 
contact
silty clay; dull yellowish brown; poorly defined basal contact 
clayey sand; dull yellowish brown; very fine grained 
silty clay; dull yellowish brown; sharp basal contact
clayey sand; dull yellowish brown; very fine grained; very sharp basal contact
clay; greyish yellow brown; occasional fine plant fragments in upper half; moderately 
sharp basal contact
clayey sand; dull yellowish brown; very fine to fine grained; few lenses of cleaner 
sand; poorly defined basal contact
clay; greyish yellow brown; sharp basal contact
sand; greyish brown; very fine to fine grained; darker clayey lenses near base; fine 
clay lamina at top; moderately sharp basal contact
Base of lake sediment
clay; brownish black; sandy towards top
0-1.5
1.5-4
silty clay; brownish gray; indistinct, gradational lower boundary
sandy clay; greyish yellow brown; few fine plant fragments; distinct basal contact
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4-5.5 silty clay; dull yellowish brown; finely laminated; moderately distinct basal contact
5.5-7.5 silty clay; brownish gray; grades sharply into unit below
7.5-9 sandy clay; light brownish gray; numerous fine plant fragments; sharp basal contact
9-10 silty clay; brownish gray; sharp basal contact
10-12 clay; brownish gray; sandy towards base and grades into unit below
12-14 sandy clay; light brownish gray; frequent fine plant fragments; sharp, irregular, basal 
contact
14-15.5 sandy clay; brownish gray; moderately sharp basal contact
15.5-16.5 sandy clay; light brownish gray; moderately sharp, wavy, basal contact
16.5-22 silty to sandy clay; brownish gray; weakly to moderately well defined laminae; sharp 
basal contact
22-22.5 clay; dull yellowish brown; very ’sloppy’
22.5-25 silty clay; brownish gray; poorly defined basal contact
25-40 clay; brownish gray; few fine plant fragments; very soft; grades sharply into unit 
below
40-41 silty clay; yellowish gray; frequent fine plant fragments; moderately sharp basal 
contact
41-45 very clayey sand; greyish yellow brown; very fine to fine grained; sharp basal contact 
dipping approximately 20’
45-51 clay; gray; lumpy; sub-horizontal, ?erosional basal contact dipping approximately 
40’
51-52 clay; gray; truncated half-way across core
52-53 clay; gray; lumpy; moderately sharp basal contact
53-54 clay; gray; sharp basal contact
54-55.5 sandy clay; light gray; finely laminated; two fine ?organic lenses in upper half; sharp, 
slightly irregular basal contact
55.5-58 clay; brownish gray; finely laminated; possible fine flammate structures; sharp basal 
contact
58-59 clay; gray; sharp basal contact
59-60 sandy clay; light gray; finely laminated; sharp basal contact 
Base of lake sediment
60-96 clay; brownish black
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CC14
0-3.5 cm
3.5- 7
7-9.5
9.5- 19.5
19.5- 20 
20-35.5
35.5- 39 
39-41
41-47.5
47.5- 54
54- 55
55- 56
56- 57
57- 58.5
58.5- 60.5
60.5- 89 
CC15
0-7 cm
7-10.5
10.5- 12 
12-15
clay; dull yellowish brown; sharp basal contact
silty clay; brownish gray; slightly sandy in poorly defined laminae; moderately sharp 
basal contact
silty to slightly sandy clay; brownish gray; sharp basal contact
silty clay; brownish gray; finely to coarsely interlaminated with very fine grained 
clayey sand; occasional small plant fragments in fine laminae; moderately sharp basal 
contact
sandy clay; greyish yellow brown; abundant small plant fragments
clay; brownish gray; silty in places; occasional fine laminae, particularly towards 
base; small plant fragments in lower half; sharp basal contact
silty clay; brownish gray; sharp sub-horizontal, ?erosional basal contact
clay; brownish gray; coarsely laminated; plant fragments in upper half; very sharp 
basal contact
clay; yellowish gray; lumpy; grades into unit below
clay; brownish gray; sub-horizontal lumpy clay lamina near centre with lighter gray 
lenses; grades sharply into unit below
clay; light brownish gray; sharp, irregular basal contact
clay; brownish gray; sharp basal contact
clay; light brownish gray
clay; brownish gray; fine lamina in upper half; sharp basal contact
silty to sandy clay; brownish gray; finely laminated; very sharp basal contact
Base of lake sediment
clay; brownish black
sandy clay; dull yellowish brown; generally becomes less sandy towards top; 
moderately sharp basal contact
silty clay; brownish gray; poorly defined sandy lamina in upper half; grades sharply 
into unit below
clay; dull yellowish brown; sharp basal contact
very sandy clay; greyish yellow brown; frequent fine plant fragments; grades sharply 
into unit below
15-24 clay; brownish gray; frequent fine sandy laminae in lower half; grades into unit below
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24-34
34-42
42-45
45- 47 
47-55 
55-57 
57-60.5
60.5- 88
ecu
0-2.5 cm
2.5- 6
6-12
12-15
15-18
18-19.5
19.5- 28 
28-34
34-37.5
37.5- 42 
42-46
46- 51
51-56.5
56.5- 67
67-100
silty to sandy clay; brownish gray; few small plant fragments; moderately sharp basal 
contact
clay; brownish gray; finely to coarsely laminated; silty laminae; grades into unit below
silty clay; brownish gray; sharp basal contact
clayey sand; brownish gray; very fine grained; very sharp basal contact
clay; brownish gray; lumpy; sharp basal contact dipping approximately 20*
clayey sand; yellowish gray; finely laminated in upper half; sharp basal contact
clay; brownish gray; lumpy; very sharp basal contact
Base of lake sediment
clay; brownish black
silty clay; dull yellowish brown; finely laminated towards base; sharp basal contact
silty clay; dull yellowish brown; few lighter coloured, fine lenses near base; 
moderately sharp basal contact
silty clay; dull yellowish brown; poorly defined very thin bedding 
sandy clay; dull yellowish brown; finely laminated; sharp basal contact 
sandy to silty clay; dull yellowish brown; finely laminated 
clay; dull yellowish brown; slightly silty; grades into unit below 
clay; greyish yellow brown; sandy at top; grades into unit below
clay; greyish yellow brown; very fine organic fragments; few fine laminae; moderately 
sharp basal contact
sandy clay; dull yellowish brown; sharp basal contact
clay; dull yellowish brown; lumpy; few plant fragments; irregular basal contact 
silty clay; dull yellowish brown; plant fragments; moderately sharp basal contact
clay; dull yellowish brown; lumpy; plant fragments near top; sub-horizontal basal 
contact
clay; greyish yellow brown; sharp, uneven, basal contact
sand; greyish yellow brown; medium to very coarse grained; moderately sorted; few 
clayey lenses; occasional large plant fragments; sharp irregular basal contact
Base of lake sediment
sandy clay; brownish black; abundant very coarse sand
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CC17
0-2.5 cm
2.5-14.5
14.5-20
20-27
27-32
32-71
CC18
clay; greyish yellow brown; sharp basal contact
clay; greyish yellow brown; lighter coloured lamina at top; poorly defined basal 
contact
clay; greyish yellow brown; lighter coloured, irregular lamina at top with few plant 
fragments; very sharp basal contact
clay; greyish yellow brown; lumpy; moderately sharp basal contact 
clay; greyish yellow brown; lumpy; sharp basal contact 
Base of lake sediment 
clay; brownish black; soil structures
0-3.5 cm
3.5- 5 
5-7 
7-7.5
7.5- 10 
10-12.5
12.5- 16 
16-18.5
18.5- 29.5
29.5- 31.5
31.5- 32 
32-33.5
33.5- 36 
36-39 
39-41 
41-48 
48-50
50-85
sandy clay; brown; sandier towards base; moderately sharp basal contact
silty clay; greyish yellow brown; lighter coloured lamina at base; sharp basal contact
clay; greyish yellow brown; moderately sharp basal contact
clay; dull yellowish brown
silty clay; brown
clay; dull yellowish brown; finely laminated; poorly defined basal contact
clay; dull yellowish brown; finely laminated towards base; sandy lamina at base
clay; dull yellowish brown; grades sharply into unit below
clay; dull yellowish brown; slightly silty towards top; moderately sharp basal contact
clay; dull yellowish brown; sharp basal contact
silty clay; dull yellowish brown
clay; dull yellowish brown; very fine plant fragments; moderately sharp basal contact
clay; dull yellowish brown; moderately sharp basal contact
clay; dull yellowish brown; finely laminated; sharp basal contact
silty clay; dull yellowish brown; sharp basal contact
clay; greyish yellow brown; lumpy; sharp basal contact
clay; light greyish yellow brown; sharp basal contact
Base of lake sediment
clay; brownish black; soil structures
Appendixes 84
SCD1
0-14 cm sand; brown; medium to very coarse grained and granular; rare pebbles to 8 mm; 
moderately sorted; grades into unit below
14-19 sand; brown with dull yellowish brown clay matrix; medium to very coarse grained 
and granular; moderately to poorly sorted; moderately sharp basal contact
19-33 sand; brown; medium to very coarse grained and granular; occasional small pebbles; 
poorly sorted: moderately sharp basal contact
33-36.5 sand; brown; medium to very coarse grained and granular; less cohesive than unit 
above; occasional small pebbles; poorly sorted: sharp basal contact
36.5-91.5 sand; brown; medium to very coarse grained and granular; occasional small pebbles; 
moderately to poorly sorted; clay at top; moderately sharp basal contact
91.5-98 sand; brown with dull yellowish brown clay matrix; medium to coarse grained; 
generally well sorted; occasional granules; sharp basal contact
98-104.5 clayey sand; dull yellowish brown; very fine to fine grained; few plant fragments; 
sharp basal contact
104.5-105.5 silty clay; dull yellowish brown; sharp basal contact
105.5-110 clayey sand; dull yellowish brown; very fine grained; clay lamina at base
110-118 clayey sand; dull yellowish brown; very fine to fine grained; few organic fragments 
near base; clay lamina at base
118-122 clayey sand; dull yellowish brown; very fine to fine grained; sharp basal contact
122-123.5 silty clay; dull yellowish brown; grades sharply into unit below
123.5-127 clayey sand; dull yellowish brown; very fine to fine grained; frequent plant fragments; 
sharp basal contact
127-133.5 sand; yellowish brown; medium grained; sharp basal contact
133.5-137 clayey sand; dull yellowish brown; very fine grained; grades sharply into unit below
137-138 silty clay; dull yellowish brown
138-140 clayey sand; dull yellowish brown; very fine to fine grained; moderately sharp basal 
contact
140-142 clayey sand; dull yellowish brown; very fine grained; grades sharply into clay lamina 
at base
142-157 clayey sand; dull yellowish brown; very fine to fine grained; occasional clay lenses 
and plant fragments; moderately sharp basal contact
157-161.5 clayey sand; dull yellowish brown; very fine to fine grained; clay lamina at top; sharp 
basal contact
161.5-168 same as unit above
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168-168.5
168.5- 170.5
170.5- 171
171-176
176-185
185-199
199-214
SCD2
0-6.5 cm
6.5- 10 
10-37.5
37.5- 42 
42-49.5
49.5- 56.5
56.5- 59.5
59.5- 65.5
65.5- 78.5
78.5- 83 
83-85
85-91.5
91.5- 94.5
silty clay; dull yellowish brown
clay; dull yellowish brown; finely laminated
clay; brown; sharp basal contact .
Base of lake sediment
clayey sand; dull brown and brownish black; fine grained; thinly bedded; abundant 
plant fragments at top; grades into unit below
clayey sand; brownish black; very fine grained; grades shaiply into unit below 
clayey sand; light brownish gray; very fine grained; sharp basal contact 
clay; brownish gray
sand; brown; medium to very coarse grained; moderately sorted; occasional granules; 
moderately sharp basal contact
sand; dull yellowish brown; clay matrix; medium to very coarse grained and granular; 
poorly sorted; grades into unit below
sand; brown; medium to very coarse grained; moderately to poorly sorted; granular 
with occasional pebbles to 8 mm; poorly defined basal contact
sand; brown; medium to very coarse grained; occasional granules; moderately sorted; 
moderately sharp basal contact
sand; brown; medium to very coarse grained and granular; moderately sorted; poorly 
defined basal contact
sand; brown; medium to very coarse grained and occasional granular; moderately to 
well sorted; occasional small pebbles towards base; sharp basal contact
sand; brown; medium to very coarse grained and granular; poorly sorted and 
consolidated; moderately sharp basal contact '
sand; brown; medium to very coarse grained; occasional granules and pebbles; 
moderately sorted; sharp basal contact
sand; brown; medium grained; sharp basal contact
sand; brown; fine to medium grained; clay lamina at top; sharp basal contact
clayey sand; dull brown; fine grained; clay lamina at top; grades sharply into unit 
below
clayey sand; dull brown; fine grained at base generally grading to very fine grained 
and increasingly clayey towards top; laminated to very thinly bedded
clayey sand at base grading to sandy clay at top; dull yellowish brown; moderately
sharp basal contact
86Appendixes
94.5- 102.5
102.5- 107 
107-111.5
111.5- 115 
115-129
129-135
135-173
173-176.5
176.5-187
187-197
197-203
SCD3
sand; brown; medium to coarse grained; moderately sorted; occasional granules; 
moderately sharp basal contact
gravel; brown; granular with pebbles to 10 mm; very coarse sand matrix; very sharp 
basal contact
clayey sand; dull yellowish brown; fine grained; moderately sharp basal contact
clayey sand; dull yellowish brown; fine grained; irregular ?disturbed bedding; 
occasional black ?organic fragments; moderately sharp basal contact
clayey sand; dull yellowish brown; fine grained; clay laminae at top and base; sharp 
basal contact
clayey sand; dull yellowish brown; fine grained; undifferentiated; becomes finer and 
more clayey towards base; sharp basal contact
Base of lake sediment
clay; dark brown
clayey sand; dull brown; very fine grained; interbedded with dark brown silty clay 
sand; brownish gray; very fine grained 
clay; brownish black
sandy clay; dull yellowish brown; very fine to fine grained; laminated to very thinly
bedded; sharp basal contact
0-3.5 cm
3.5- 14 
14-35 
35-58 
58-75 
75-78.5
78.5- 79.5
79.5- 84
sand; yellowish brown; very clayey; mainly fine grained but with a considerable 
fraction up to very coarse sand and occasional granules; very poorly sorted; grades 
sharply into unit below
clayey sand; dull yellowish brown; very fine to fine grained; sharp, irregular basal 
contact •
sand; mainly dull brown; medium to very coarse grained; frequent granules and 
pebbles up to 8 mm; poorly sorted; sharp basal contact
gravel; dull brown; granular and pebbly with clast to 10 mm; poorly sorted; sandy 
matrix towards top and base; grades sharply into unit below
clayey sand; dull yellowish brown; very fine to fine grained; frequent granules in 
upper 6 cm; sharp basal contact
sand; medium to very coarse grained; quartzose and micaceous; abundant fine plant 
fragments; sharp basal contact
organic material; brownish black
gravel; mainly granular with one pebble to 20 mm; fine clayey sand matrix; irregular, 
erosional basal contact
84-89.5
89.5- 93 
93-98
98-99.5
99.5- 104
104- 105
105- 110.5
110.5- 115
115-132
132-139
139-145
145-159
SCD4
Appendixes
0-2 cm 
2-6
6-16
16-34
34-36
36-38.5
38.5- 42.5
42.5- 47
47-57
87
sand; dull brown; medium grained; will sorted; sharp basal contact
clayey sand; dull yellowish brown; very fine to fine grained; lighter coloured lamina 
at top; sharp basal contact
clayey sand; dull yellowish brown; very fine grained; shaip basal contact
clayey sand; dull yellowish brown; very fine to fine grained; sharp basal contact
clayey sand; dull yellowish brown; very fine grained; sharp basal contact
clayey silt; dull yellowish brown; laminated towards base; sharp basal contact
silty clay; dark brown; occasional lighter coloured lenses towards top, similar to 
material from unit above; grades into unit below
clayey sand; dark greyish brown; frequent plant fragments and roots; becomes 
increasingly clayey towards base; sharp, sub-horizontal basal contact
Base of lake sediment
clayey sand; brownish gray; moderately sharp, sub-horizontal basal contact (25°) 
clayey sand; light brownish gray; sharp, irregular basal contact 
clay; greyish yellow brown; ?soil structures
clayey sand; dull yellowish brown; very fine to fine grained; occasional medium
grained lenses; organic lens near centre; sharp basal contact
sandy clay; dull brown; abundant large plant fragments; poorly defined basal contact
clayey sand; dull brown; fine to medium grained; plant fragments; grades sharply into 
unit below
sand and gravel; brown; medium to very coarse sand, granules and pebbles to 10 mm; 
poorly sorted; grades sharply into unit below
sand; brown; very coarse grained and granular at base grading upwards to generally 
medium to coarse grained; moderately sharp basal contact
sand; brown; medium to coarse grained; well sorted; moderately sharp basal contact
sand; brown; clayey; fine to medium grained; well sorted; grades sharply into unit 
below
sandy clay; dull yellowish brown; frequent plant fragments; sharp basal contact
sand; brown; medium to very coarse grained; granular; moderately sorted; moderately 
sharp basal contact
sand; dull yellowish brown to brown; medium grained at base generally grading 
upwards to very fine grained and clayey at top; plant fragments near top; moderately 
sharp basal contact
Appendixes 88
57-62.5
62.5- 65 
65-73.5
73.5- 82 
82-85 
85-87.5
87.5- 116
116-128
SCI
sand; brown; medium to coarse grained; well sorted; up to very coarse grained at top 
and base; moderately sharp basal contact 1
sand; brown; slightly clayey; medium to coarse grained; well sorted; shaip basal 
contact
clayey sand; dull yellowish brown; very fine to fine grained; increasing clay towards 
top; grades into unit below
sandy clay; dull yellowish brown; plant fragments at top and base; sharp basal contact 
sand; brown; medium grained; moderately sharp basal contact 
sand; brown; medium to coarse grained; well sorted; very sharp basal contact 
Base of lake sediment
sand; greyish yellow brown; fine grained; clayey; grades to dark brown at top indicated 
soil development
clay; dull yellowish brown; occasional plant fragments or roots
0-3.5 cm 
3.5-9
9-10.5
10.5-15.5
15.5-19
19-22
22-25
25-34
34-38
38-56
56-72
SC2
silty clay; dull yellowish brown; poorly defined basal contact
sandy to silty clay; dull yellowish brown; grades from very fine sandy at base to silty 
at top; fine plant fragments; throughout; poorly defined basal contact
clay; dull yellowish brown; moderately sharp basal contact
clay; brownish gray; slightly silty in places; slightly mottled appearance; grades 
sharply into unit below
sandy clay; brownish gray; very fine sand intermixed - grading to silty; few fine root 
fragments
sandy clay; brownish gray; fine lenses and laminae at top and base; sharp basal contact 
Base of lake sediment
silty to sandy clay; dark brownish gray; grades into unit below
sandy clay; dark brownish gray; occasional plant fragments; sharp, ?unconformable 
basal contact
clay; dull yellowish brown; sandy; large pebble and root fragments 
clayey silt; light brownish gray; moderately sharp basal contact 
clay; dark brownish gray; in-situ root near top
0-2 cm silty to slightly sandy clay; dull yellowish brown; poorly defined basal contact
Appendixes 89
2-13.5 sand; yellowish brown; clay matrix; very fine to medium grained; very well sorted; 
fines upward from centre to very fine clayey sand; grades into unit below 1
13.5-16 clayey sand; yellowish brown; moderately sharp basal contact
16-19 clayey sand; yellowish brown; very fine to fine grained; sharp basal contact
19-21.5 silty clay; dark yellowish brown; finely laminated at top; grades up from fine clayey 
sand lamina at base; sharp basal contact
21.5-23 clayey sand; yellowish brown; fine grained grading up to very fine grained and 
increasingly clayey at top; sharp basal contact
23-25.5 very clayey sand; yellowish brown; very fine grained; slightly coarser at base; 
moderately sharp basal contact
25.5-27.5 clayey sand; yellowish brown; very fine to fine grained; grades to sandy clay near 
top; darker silty clay laminae at top; sharp basal contact
27.5-30 clayey sand; yellowish brown; very fine to fine grained; grades to darker silty clay 
lamina at top; sharp basal contact
30-32.5 clay; yellowish brown and dark yellowish brown interlensed and interlaminated; sharp 
basal contact
32.5-35 clayey sand; yellowish brown; grades into unit below
35-39 clayey sand; dull yellowish brown; very fine to fine grained; occasional fine clay 
lenses; few fine root fragments; sharp basal contact
39-40.5 silty clay; yellowish brown; grades sharply into unit below
40.5-41.5 clayey sand; dull yellowish brown; very fine to fine grained; sharp basal contact
41.5-42 silty clay; yellowish brown; grades sharply into unit below
42-43 clayey sand; dull yellowish brown; very fine to fine grained; sharp basal contact
43-48.5 clayey sand; dull yellowish brown; very fine to fine grained; occasional fine plant 
fragments; fine silty clay laminae at top and base
48.5-50 clay; yellowish brown; moderately sharp basal contact
50-52 clayey sand; dull yellowish brown; very fine to fine grained; very sharp basal contact 
Base of lake sediment
52-60.5 clay; dark yellowish brown to brownish black; occasional ?charcoal fragments; upper 
5 cm may have been reworked; sharp basal contact
60.5-94 clayey sand; light greyish yellow brown; coarse to very coarse grained; lamina 
containing material from unit above near top
SC3
0-3 cm sandy clay; brown; moderately sharp, irregular basal contact
Appendixes 90
3-6.5
6.5- 8
8- 9
9 - 11 
11-17.5
17.5- 19 
19-21 
21-23 
23-25 
25-29
29-32
32- 33
33- 35.5
35.5- 36.5
36.5- 37 
37-42.5
42.5- 45.5
45.5-46.5
46.5-48.5
48.5- 49 
49-54
54-55.5
55.5- 61 
61-69.5
sandy clay; brown; occasional fine plant fragments; grades into unit below
clayey sand; brown; very fine to fine grained; grades sharply into unit below
clayey sand; brown; fine to medium grained; moderately sharp basal contact
clayey sand; brown; very fine grained; moderately sharp basal contact
sand; dull yellowish brown; clayey; fine to medium grained; becomes finer at base 
and grades into unit below
clay; dull yellowish brown; sharp basal contact
sandy clay; dull yellowish brown; grades sharply into unit below
silty clay; dull yellowish brown; grades sharply into unit below
clayey sand; dull yellowish brown; very fine grained; grades into unit below
clayey sand; dull yellowish brown; very fine to fine grained; irregular lamina 
containing fine plant fragments in lower half; sharp basal contact
clay; dull yellowish brown; silty; finely laminated; grades sharply into unit below
clayey sand; dull yellowish brown; very fine to fine grained; moderately sharp basal 
contact
clayey sand; dull yellowish brown; very fine to fine grained; grades to clayey lamina 
at top; plant fragment lamina at base
clay; dull yellowish brown; slightly silty
sandy clay; dull yellowish brown
clayey sand; dull yellowish brown; very fine to fine grained; clayey lamina at top; 
fine organic lamina at centre; becomes more clayey towards base
clayey sand; dull yellowish brown; very fine to fine grained; abundant plant fragments; 
clay lamina at top; moderately sharp basal contact
dull yellowish brown; very fine to fine grained; clay lamina at top
sand; dull yellowish brown; clayey; very fine to fine grained; grades into clay lamina 
at top; moderately sharp basal contact
clay; dull yellowish brown
clayey sand; dull yellowish brown; very fine to fine grained; grades into clay lamina 
at top; poorly defined basal contact
clayey sand; dull yellowish brown; very fine grained; fine plant fragments; sharp basal 
contact
clayey sand; dull yellowish brown; very fine to medium grained; occasional fine plant 
fragments; two fine clay lamina at top; grades sharply into unit below
clayey sand; dull yellowish brown; frequent to abundant fine plant fragments; sandier 
in places; sharp basal contact
Appendixes 91
69.5- 72.5
72.5- 76
76-82.5
SC4
0-2.5 cm
2.5- 3 
3-3.5
3.5- 8 
8-11.5
11.5- 16
16-38
38-54.5
54.5- 84 
SC5
0-5 cm
5-7
7-11
11-12
12-27
27-32
32-57
clay; dark brown
Base of lake sediment
clay; dark brown; soil structures evident
clay; dark yellowish brown; moderately sharp basal contact
clayey sand; dull yellowish brown; very fine to fine grained; medium to coarsely 
laminated; moderately sharp basal contact
silty clay; dull yellowish brown; moderately sharp basal contact
clayey sand; dull yellowish brown; very fine grained; moderately sharp basal contact
clay; dull yellowish brown; silty in places; laminated; moderately sharp basal contact
clay; dull yellowish brown; laminated; laminations distinguished by darker brown; 
sharp basal contact
clay; dull yellowish brown; laminated; very sharp basal contact 
(very distinct change in sediment character)
silty clay; dull yellowish brown; undifferentiated; very fine plant fragments; sharp, 
irregular basal contact
clay; dark brown; lumpy; sharp, irregular basal contact
Base of lake sediment
clay; brownish black; soil structures
clay; brown; poorly defined, fine laminations; irregular, sub-horizontal, moderately 
sharp basal contact
clayey sand; dull yellowish brown; very fine to fine grained; grades into unit below 
clayey sand; dull yellowish brown; fine grained; sharp basal contact 
clay; dull yellowish brown; sharp basal contact 
Base of lake sediment
silty clay; darker yellowish brown; sandy lenses; sharp, irregular basal contact 
silty clay; darker yellowish brown; grades into unit below 
clay; greyish yellow brown
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SC6
0-2.5 cm
2.5- 4.5
4.5- 6 
6-10
10-16.5
16.5- 17
17- 18
18- 26.5
26.5- 29
29-31
31-36.5
36.5-38.5
38.5- 39.5
39.5- 44
44-46.5
46.5- 54 
54-56
56-60
60-62
62-95
clayey sand; dull yellowish brown; very fine grained; clay lamina at top; moderately 
sharp basal contact
silty clay; dull yellowish brown; moderately sharp, wavy basal contact
sandy clay; dull yellowish brown; moderately sharp, wavy basal contact
clayey sand; dull yellowish brown; very fine grained; 0.5 cm lamina containing plant 
fragments near centre; grades into unit below
clayey sand; dull yellowish brown; very fine to fine grained; moderately sharp basal 
contact
clay; dull yellowish brown; sharp basal contact
sandy clay; dull yellowish brown; moderately sharp basal contact
clayey sand; dull yellowish brown; fine grained; becoming generally finer towards 
top; sharp basal contact
clayey sand; dull yellowish brown; very fine grained; grades into clay lamina at top; 
moderately sharp basal contact
clay; brown; grades sharply into unit below
clayey sand; dull yellowish brown; very fine grained; clay lens in lower half; fine 
organic lamina near centre; sharp basal contact
sandy clay; dull yellowish brown; clay lamina at top; fine lenses and lamina near base; 
sharp basal contact
silty clay; brown; lighter coloured lamina at top; sharp basal contact
clayey sand; dull yellowish brown; very fine to fine grained; clay lamina near top; 
grades sharply into unit below
clayey sand; dull yellowish brown; very fine grained to silty; grades into unit below 
clayey sand; dull yellowish brown; fine to medium grained; sharp basal contact
clayey sand; dull yellowish brown; very fine grained; clay lamina at top; moderately 
sharp basal contact
clayey sand; dull yellowish brown; very fine grained; clay lamina at top; sharp basal 
contact
Base of lake sediment
clay; brownish black
clay; brownish black; soil structures
Appendixes 93
SC7
0-1 cm
1-2
2-5.5
5.5-13.5
13.5- 16 
16-21 
21-23.5
23.5- 25.5
25.5-28.5
28.5-31.5
31.5-99
SC8
silty clay; dull yellowish brown; moderately sharp, irregular basal contact 
silty clay; dull yellowish brown; sharp basal contact
silty clay; dull yellowish brown; slightly sandy; plant fragment lamina at centre; 
moderately sharp basal contact
clayey sand; dull yellowish brown; very fine to fine grained; becomes finer and more 
clayey towards top; grades into unit below
silty clay; dull yellowish brown; sharp basal contact
silty clay; brown; sandy lenses and laminae towards centre; sharp basal contact
sandy clay; dull yellowish brown; brown clay lamina near top; sharp basal contact
silty clay; brown; interlensed and interlaminated (70:30) with dull yellowish brown 
sandy clay; sharp basal contact
clayey sand; dull yellowish brown; very fine grained; moderately sharp basal contact
clayey sand; dull yellowish brown; very fine to fine grained; becomes finer and more 
clayey towards top; clay lamina at base; sharp basal contact
Base of lake sediment
clayey sand; brownish black and gray; coarse to very coarse grained; two organic 
lamina near top
0-1.5 cm
1.5- 3
3- 4
4- 5
5- 5.5
5.5- 7 
7-9 
9-12.5
12.5-17
17- 18
18- 19
19- 21.5
clayey sand; dull yellowish brown; very fine grained; moderately sharp basal contact
silty clay; dull yellowish brown; poorly defined fine laminae; sharp basal contact
clay; dull yellowish brown; fine laminae; sharp basal contact
sand; dull yellowish brown; fine grained; clayey; sharp basal contact
clay; dull yellowish brown; sharp basal contact
clay; dull yellowish brown; sandy lamina in lower half; moderately sharp basal contact
sand; dull yellowish brown; very fine to fine grained; clay matrix; sharp basal contact
clay; dull yellowish brown; laminated to very thinly bedded; abundant plant fragments 
in lamina at base
clay; dull yellowish brown; few darker lenses; sharp, irregular basal contact 
clay; brown; moderately sharp basal contact 
silty clay; dull yellowish brown; slightly sandy; sharp basal contact 
as for 18-19; brown lamina at top
21.5- 22
22- 23
23- 23.5
23.5- 25 
25-26.5
26.5- 27.5
27.5- 32.5
32.5- 40.5
40.5- 44.5
44.5- 54 
54-65 
65-98
SC9
Appendixes
0-  1 cm
1- 1.5
1.5- 2.5
2.5- 4 
4-7
7-12
12-14
14- 15
15- 22.5
22.5- 24 
24-29 
29-33
33-75.5
94
clay; brown
clay; dull yellowish brown
clay; brown interlaminated with dull yellowish brown 
silty clay; dull yellowish brown; shaip basal contact
silty clay; dull yellowish brown; brown lamina at top; moderately sharp basal contact 
as for unit above
silty clay; dull yellowish brown; two darker laminae at top; lighter coloured lamina 
at base; sharp basal contact
clay; dark brown; looks like reworked material from unit below; sharp basal contact 
clay; dark brown; lighter coloured lamina at top; moderately sharp basal contact 
Base of lake sediment 
clay; dark brown
clay; dark brown to brownish black 
clay; brownish black; soil structures
clay; dull yellowish brown; finely laminated; sharp basal contact
clayey sand; dull yellowish brown; moderately sharp basal contact
clay; dull yellowish brown; moderately sharp, slightly irregular basal contact
clayey sand; dull yellowish brown; very fine grained; grades sharply into unit below
clayey sand; dull yellowish brown; fine grained becoming finer towards base; 
moderately sharp basal contact
silty clay; dull yellowish brown; finely laminated; occasional sandy laminae; 
moderately sharp basal contact
clayey sand; dull yellowish brown; very fine to fine grained; sharp basal contact 
clay; dull yellowish brown; finely laminated; sharp basal contact 
(boundary of lighter and darker sediments)
clay; greyish yellow brown; sand lenses towards top; moderately sharp basal contact
clay; lighter greyish yellow brown; grades sharply into unit below
clay; greyish yellow brown; sharp basal contact
clay; greyish yellow brown; lumpy
Base of lake sediment
clay; brownish black; soil structures
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SCIO
0-0.5 cm 
0.5-1.5 
1.5-2.5
2.5-5
5-5.5
5.5- Ó.5
6.5- 8
8- 9
9- 14
14-15.5
15.5- 25 
25-27 
27-29.5
29.5- 43
43-74
SCN1
sandy clay; dull yellowish brown; moderately sharp basal contact
clay; dull yellowish brown; moderately sharp basal contact
sandy clay; dull yellowish brown; moderately sharp basal contact
clay; dull yellowish brown; coarsely laminated; darker lamina at base; sharp basal 
contact
silty clay; dull yellowish brown 
clay; sharp basal contact
clay; dark yellowish brown; disturbed bedding - possibly bioturbated
silty clay; dull yellowish brown; interlenses with darker lamina at base
silty clay; dull yellowish brown; interlaminated with slightly grayer clay; lighter 
coloured lamina at base; sharp basal contact
(boundary of lighter and darker sediments)
clay; brown; moderately sharp basal contact
clay; brown; occasional grayer laminae towards top; sharp basal contact
clay; dull yellowish brown; moderately sharp basal contact
clay; brown; sharp basal contact
clay; greyish yellow brown; ?lumpy
Base of lake sediment
clay; brownish black
0-4 cm
4-10
10-14
14-16.5
16.5-19
19- 20
20- 23 
23-28.5
clay; dull yellowish brown; silty to sandy at base; frequent fine plant fragments; grades 
sharply into unit below
sandy clay; dull yellowish brown; sand up to medium grain size; plant fragments; 
sharp basal contact
clay; dull yellowish brown; slightly sandy; fine plant fragments; sharp basal contact
sand; brown; fine to medium grained; clay matrix; very well sorted; moderately sharp 
basal contact
sand; brown; medium to coarse grained; well sorted; clay matrix; sharp basal contact 
silty clay; dull yellowish brown; sharp basal contact 
sand; brown; medium to very coarse grained; well sorted; sharp basal contact 
silty to sandy clay; dull yellowish brown; coarsely laminated; sharp basal contact
28.5- 33.5
33.5- 37 
37-42 
42-46
46- 47
47- 48
48- 51 
51-54 
54-56
56-67
67-86
SCN2
Appendixes
0-2.5 cm
2.5- 6 
6-10 
10-12
12- 13
13- 19
19-25
25-30
30-31.5
31.5- 34 
34-35.5
35.5- 41 
41-47.5
96
sand; brown; medium to very coarse grained; few granules; moderately sorted; 
moderately sharp basal contact
sand; brown; medium to coarse grained; well sorted; clay matrix; sharp basal contact
clay; greyish yellow brown; lumpy lamina near top; interlensed with unit below
clay; greyish yellow brown and dull yellowish brown interlensed to coarsely 
interlaminated; sharp basal contact
clay; greyish yellow brown; sharp basal contact
clay; dull yellowish brown; sharp basal contact
clay; greyish yellow brown; moderately sharp basal contact
clay; dull yellowish brown; sharp basal contact
sand and gravel; brown clay matrix; coarse to very coarse sand and granules and 
pebbles; sharp, ?erosive basal contact
Base of lake sediment
silty to sandy clay; brownish gray; grades into unit below
sandy clay; brownish gray with yellow mottles; has appearance of weathered soil 
horizon
silty clay; dull yellowish brown; few plant fragments; grades sharply into unit below
clay; dull yellowish brown; lumpy in lower half; poorly defined basal contact
silty clay; dull yellowish brown; sharp basal contact
silty clay; dull yellowish brown; moderately sharp basal contact
clay; dull yellowish brown; sharp basal contact
clayey sand; brown; very fine to fine grained; coarsely laminated in upper half; sharp 
basal contact
clayey sand; brown; very fine to fine grained; laminated; sharp basal contact
sand; dull yellowish brown; very fine to fine grained; clay matrix; interlaminated with 
silty clay
sand; dull yellowish brown; clay matrix; sharp basal contact
clay; dull yellowish brown; grades sharply into unit below
clay; greyish yellow brown; lumpy in part; grades sharply into unit below
clay; dull yellowish brown; sharp basal contact dipping 45°
clay; brownish gray; sharp, wavy basal contact
Base of lake sediment
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47.5-87 sandy clay; brownish gray; sand lens towards base
SCN3
0-2.5 cm
2.5- 20
20-32
32-42.5
42.5- 49.5
49.5- 59
59-88
SCN4
clay; dull yellowish brown; abundant plant fragments; moderately sharp basal contact
clay; dull yellowish brown; frequent plant fragments in upper half; poorly defined 
basal contact
silty clay; dull yellowish brown; clayey sand lamina near base; sharp basal contact 
dipping 30*
clay; dull yellowish brown; sand lamina at top; sharp, sub-horizontal basal contact
clay; dull yellowish brown; sandy lamina at top; sharp basal contact
sandy clay; dull yellowish brown; sandier towards top with few fine sand lenses; sharp 
basal contact dipping 20’
Base of lake sediment
clay; brownish gray with yellowish mottles; sandy
0-11 cm clay; dull yellowish brown; slightly lumpy in thin band near top; sharp, irregular basal
contact
Base of lake sediment
11-62 clay; brownish gray; sandy; grades into yellowish gray clay at base
SCN5
0-12 cm clay; dull yellowish brown; slightly sandy in places; sharp basal contact
(change from very soft to very firm texture)
12-26.5 clay; dull yellowish brown; lumpy; very sharp basal contact
26.5- 28.5 clay; dull yellowish brown; sharp basal contact
28.5- 31 clay; dull yellowish brown; moderately sharp basal contact
Base of lake sediment
31_59 clay; brownish black; becomes darker 10 cm below top with soil structures evident
SCN6
0-2 cm clay; dull yellowish brown; moderately sharp basal contact
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2-7.5
7.5-12
12-15.5
15.5-20.5
20.5- 22 
22-24
24-27.5
27.5- 29.5
29.5- 35.5
35.5-46
46-69
SCN7
clay; dull yellowish brown; few plant fragments; moderately sharp, irregular basal 
contact
clay; dull yellowish brown; large plant fragment at base; sharp basal contact
clayey sand; dull yellowish brown; fine to medium grained - becoming finer towards 
top; occasional small clay lumps towards base; moderately sharp basal contact
clayey sand; dull yellowish brown; very fine grained; weakly developed laminae; 
sharp basal contact
clayey sand; dull yellowish brown; very fine to fine grained; laminated; moderately 
sharp basal contact
sandy clay; dull yellowish brown; occasional coarser grains; grades sharply into unit 
below
clay; dull yellowish brown; slightly sandy in places; grades sharply into unit below 
sandy clay; dull yellowish brown; grades sharply into unit below 
clay; dull yellowish brown; silty towards top; sharp, irregular basal contact 
Base of lake sediment
clay; dark brown; very irregular, sharp basal contact 
clay; brownish black; slightly sandy; few orange motdes
0-3 cm
3-12
12-16
16-18
18-20
20-21.5
21.5- 22.5
22.5- 25 
25-33 
33-38 
38-42.5
clay; dull yellowish brown; lighter coloured lamina at base; grades sharply into unit 
below
clay; dull yellowish brown; very fine plant fragments; grades sharply into unit below 
clay; dull yellowish brown; sharp basal contact 
(units below have much drier texture) 
clay; dull yellowish brown
sandy clay; dull yellowish brown; laminated; fine plant fragments in lamina at top; 
sharp basal contact
clay; dull yellowish brown; fine plant fragments; sharp basal contact
clayey sand; dull yellowish brown; very fine grained; sharp basal contact
clay; dull yellowish brown; lumpy; moderately sharp basal contact
clay; dull yellowish brown; moderately sharp basal contact
clay; dull yellowish brown; moderately sharp basal contact
clay; dull yellowish brown; moderately lumpy; sand lens at centre; sharp basal contact
Base of lake sediment
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42.5-81 clay; dark brown at top grading irregularly to brownish black and sandy
A l *
0-12 cm sandy clay; brown; infrequent orange and darker brown mottles; irregular, 
sub-horizontal, ?erosive basal contact
12-14.5 clay; brown; irregular, poorly defined basal contact
14.5-16 clay; brown; orange mottles; irregular, sub-horizontal basal contact
16-22 clay; brown; abundant, very fine ?oxidation mottles; wavy basal contact
22-27 clay; brown; very similar to unit above; irregular basal contact
27-34.5 clay; gray-brown; abundant, very fine ?oxidation mottles; irregular, ?erosive, 
sub-horizontal basal contact
34.5-38.5 clay; brown; frequent very fine ?oxidation mottles in upper half; ?erosive basal contact
38.5-51.5 clay; gray-brown; few small clay lumps towards top; irregular, poorly defined basal 
contact - possible mixing with unit below
Base of lake sediment
51.5-80.5 clay; dark gray; soil structures
A4
0-29 cm clay; brownish gray; lenses, laminae and very fine to medium bedding distinguished 
by lighter and darker shades; discordant basal contact with probable load casts
29-30 clay; greyish yellow brown
30-31 clay; brownish gray
31-39 clay; brownish gray; undifferentiated; lumpy; discordant basal contact with possible 
micro - scale flammate structures
39-42.5 clay; brownish gray; laminated; sharp basal contact
Base of lake sediment
42.5-53 clay; dark gray; undifferentiated; grades into unit below
53-86 clay; dark gray; sparse root traces; soil structures
A6
0-4 cm clayey sand; orange-brown; very fine to fine grained; becomes finer towards base, 
sharp basal contact
4-7 silty clay; gray-brown; very fine black particles in upper half
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7-14.5
14.5- 16.5
16.5- 17.5
17.5- 18.5
18.5- 21
21-23
23-28.5
28.5- 30
30- 31
31- 32
32- 33.5
33.5- 41 
41-50 
50-51.5
51.5- 53 
53-57
57-59 
59-61.5B
61.5- 63.5
63.5-68
68- 69
69- 80 
80-82
82-84.5
84.5-94.5
clayey sand; orange-brown; micaceous; black ?organic fragments throughout; 
indistinct basal contact ’
%
silty clay; gray-brown; sandy towards base; rare mica; shaip basal contact 
silty clay; light brown to brown at base; very fine grained 
clay; gray; silty; rare mica; sharp basal contact
clayey sand and silt; gray-brown; very fine grained; very light brown sand lamina at 
top; irregular basal contact
clay; gray; fine black ?organic inclusions
sand; orange-brown; clayey; very fine to medium grained; generally finer and more 
clayey in upper half - fining upwards, well sorted; sharp basal contact
silty clay; gray
silty sand; orange-brown; clayey; very fine grained 
clay; gray; silty
sand; orange-brown; very fine to medium grained; clayey 
clay; gray; silty
sand; orange-brown; fine to medium grained; sharp basal contact
clay; gray-brown; fines upward from fine sand at base
sand; light gray-brown; very fine to fine grained; sharp basal contact
clay; gray-brown; silt and very fine sand in places; interlaminated with very fine 
grained, brown sand; sharp basal contact
clay; orange-brown; silty; poorly distinguished laminae; sharp basal contact
clay; gray-brown; silty interlaminated with very fine grained, orange-brown, clayey 
sand; few fine plant fragments
sand; orange-brown; very fine to medium grained; clayey lamina in upper half; 
?erosional basal contact
clay; gray; fine mica; silty towards base; poorly defined basal contact
sand; light brown; clayey; very fine to fine grained; grades to gray clayey lamina in 
upper half; irregular basal contact
clay; gray; silt and very fine sand in places; fine sand lamina near centre; poorly 
defined bedding in upper half; increasingly sandy towards base; grades into unit below
sand; light gray-brown; very fine to fine grained; clayey; micaceous; few plant
fragments; sharp basal contact
clay; gray; silty; irregular, poorly defined basal contact
sand; light gray; very fine to coarse grained; generally poorly sorted; becomes clayey 
towards top; plant fragments throughout; ?erosional basal contact
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94.5- 96.5
96.5- 99.5
99.5- 101
101-104
104-106
106- 107
107- 108
108- 110 
110-117
117-126
A8
sand; light gray; very fine to fine grained; clayey; micaceous; lamina at base
clay; gray; silty; fine plant fragments; sharp basal contact
clay; light gray-brown; silty; medium grained sand lamina at centre; irregular, 
sub-horizontal basal contact
clay; light gray; silty lenses; irregular, ?erosional, sub-horizontal basal contact 
clay; dark gray; sharp basal contact
sand; very light gray; very fine to fine grained; irregular basal contact 
clay; gray; silty; very coarse quartz sand intermixed 
clay; gray to dark gray; fine lamina in upper half
sand (70%); light gray to very light gray; very fine to fine grained; clayey in places; 
very thinly interbedded to interlaminated with gray, silty clay; irregular, ?erosional, 
sub-horizontal contact with unit below
Base of lake sediment
clay; very dark gray; soil structures and fine roots
0-0.5 cm 
0.5-1.5
1.5- 6.5
6.5- 7 
7-9
9- 10
10-  11 
11-14 
14-17 
17-20 
20-21 
21-21.5
21.5- 22.5
22.5- 23.5
23.5- 26 
26-31 
31-44
clay; dull yellowish brown; darker lamina at base; sharp basal contact 
clay; dull yellowish brown; poorly defined basal contact 
clay; dull yellowish brown; occasional, poorly defined laminae 
clay; dull yellowish brown 
clay; dull yellowish brown; poorly defined laminae 
clay; greyish yellow brown; lighter coloured laminae at top and base 
clay; poorly defined basal contact 
clay; dull yellowish brown; grades into unit below 
clay; dull yellowish brown; grades into unit below
clay; dull yellowish brown; slightly grayer than unit above; sharp basal contact 
clay; dull yellowish brown; abundant fine plant fragments 
clay; dull yellowish brown; moderately sharp basal contact 
clay; dull yellowish brown; moderately sharp basal contact 
clay; dull yellowish brown 
clay; dull yellowish brown; occasional plant fragments; grades sharply into unit below 
clay; dull yellowish brown; sharp basal contact 
clay; greyish yellow brown; lumpy
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Base of lake sediment
44-86 clay; brownish black; soil structures
B1
0-7 cm clay; greyish yellow brown; undifferentiated; occasional root fragments; sub-horizontal
basal contact dipping 15*
7-34 clay; brownish gray; frequent sand grains up to coarse size; undifferentiated; 20 mm
pebble 5 cm from top; basal contact dips 15*
34-37 sand; brownish gray; heavy clay matrix; 15* basal contact
Base of lake sediment
37-56 clay; brownish black; occasional sand grains up to very coarse size; soil structures
B2
0-10 cm clay; brownish gray; lumpy; large, irregular clast of pre-lake sediment; irregular basal
contact
Base of lake sediment
10-43 clay; brownish black; blocky soil structures begin 3 cm below top
B3
0-8 cm clay; brownish gray; lumpy; fine laminae and lenses; irregular basal contact
Base of lake sediment
g_42 clay; brownish black; soil strùctures evident 17 cm below top; rare root fragments
B4
clay; brownish gray; moderately lumpy; undifferentiated; sharp basal contact 
Base of lake sediment
clay; brownish black; soil structures; rare fine root fragments
0_9 cm clay; brownish gray; lumpy; finely laminated; laminae distinguished by lighter gray;
sharp, sub-horizontal basal contact
9.37 clay; brownish black; many roots; soil structures
Base of lake sediment
0-8 cm
8-39 
B 5
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B6
0-9 cm 
9-42
C l
clay; yellowish gray; lumpy; visually undifferentiated; irregular basal contact 
Base of lake sediment 
clay; brownish black
0-5 cm clay; greyish'yellow brown; poorly developed laminae and very thin bands; fine root 
fragments at centre; sharp basal contact
(unit above very soft compared with those below)
5-9.5 clayey silt; greyish yellow brown; rare coarse sand grains; irregular, gradational basal 
contact
9.5-15 clayey silt; greyish yellow brown in upper half irregularly interbedded with dull brown 
on lower half; rare coarse sand grains; irregularly interlensed with unit below
Base of lake sediment
15-34 silty clay; greyish black; occasional coarse to very coarse sand
C2
0-6 cm clay; brownish gray; lumpy; sharp basal contact 
Base of lake sediment
6-35 clay; brownish black; visually undifferentiated
C3
0-9 cm clay; brownish gray; very soft; lumpy; visually undifferentiated; root fragments at 
centre; sharp basal contact
Base of lake sediment
9-46 clay; brownish black
C4
0-12 cm clay; greyish yellow brown; lumpy; undifferentiated; poorly defined basal contact 
Base of lake sediment
12-43 clay; greyish black; undifferentiated; plant fragments at top
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C5
0-10 cm clay; greyish yellow brown; lumpy with lumps distinguished by darker gray; irregular
basal contact
Base of lake sediment
10-41 clay; greyish black; undifferentiated
C6
0-12 cm clay; dull yellowish brown; irregular, dark gray lenses; very irregular basal contact
dipping 25*
Base of lake sediment
12-38 clay; greyish black; soil structures
D1
0-5 cm clay; greyish yellow brown; irregular lens 1 cm from base; sharp, irregular basal
contact
?Base of lake sediment - unit above much softer than those below 
5_24 clay; dark gray; dispersed sand throughout; sharp basal contact
24-30 clay; brownish black; frequent coarse sand grains; sharp, irregular, sub-horizontal
basal contact
30-44 silty clay; dark greenish gray; generally sandy throughout
D2
0_3 cm clay; dull yellowish brown; irregular, poorly defined basal contact
3_6 clay; greyish yellow brown
Base of lake sediment
6_44 clay; brownish black; occasional roots
D3
0-10 cm
10-47
clay; dull yellowish brown; lumpy; sharp, very irregular basal contact 
Base of lake sediment
clay; brownish gray grading to brownish black at 18 cm; lumpy clay like unit above 
intermixed at top
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E l
0-9 cm 
9-20
20-57
E2
clay; dull yellowish brown; undifferentiated; sharp basal contact 
clay; greyish yellow brown; lumpy; poorly defined basal contact 
Base of lake sediment
clay; brownish black grading from lighter shade in upper 10 cm; 1 cm band with many 
roots at 33 cm
0-2 cm 
2-17
17-48
E3
clay; dull yellowish brown; moderately sharp basal contact
clay; greyish yellow brown; moderately lumpy; lighter brown lamina at 8 cm; poorly 
defined basal contact
Base of lake sediment
clay; brownish black grading from lighter shade at top; few plant fragments near top
0-9 cm clay; dull yellowish brown; sharp basal contact
9_25 clay; dull yellowish brown; lumpy; moderately sharp basal contact
Base of lake sediment
9-60 clay; brownish black; occasional lighter mottles
E4
0-3 cm clay; dull yellowish brown; indistinct basal contact
3_23 clay; greyish yellow brown; lumpy in lower 1/3; charcoal fragments near base
Base of lake sediment
23-50 clay; brownish black; occasional lighter gray mottles
FI
0_8 cm clay; greyish yellow brown; few lighter coloured irregular lenses and laminae near
base; moderately sharp basal contact
g_23 clay; gray; frequent plant fragments; occasional coarse sand grains; sharp, irregular
basal contact
clay; gray; slightly speckled appearance; sharp, irregular basal contact23-28
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Base of lake sediment
28-48 clay; brownish black; grades from lighter to darker shade towards centre; occasional
charcoal fragments; occasional coarse sand grains; increasingly frequent light brown, 
very fine grained sand lenses towards base
F2
0-4 cm
4-11.5
11.5-21.5
21.5-39
F3
clay; greyish yellow brown; moderately sharp basal contact
clay; gray; lumpy towards base; frequent plant fragments; moderately sharp basal 
contact
clay; gray to dull yellowish brown; slightly sandy in places; few light brown, very 
fine grained sand lenses and laminae near top and base; sharp basal contact
Base of lake sediment
clay; dark brownish black grading from lighter shade in upper 1/3; occasional plant 
fragments; few lighter coloured sandy lenses in central 1/3 of unit; frequent charcoal 
fragments and occasional coarse sand grains in basal 4 cm
0-25 cm
25-43
43-44.5
44.5-46
46-63
63-68
68-71
71-79.5
clay; greyish yellow brown; thinly bedded; beds distinguished by lighter brown; 
poorly defined clayey sand lamina at 13 cm; fine black speckles in most of unit; 
moderately sharp basal contact dipping 15°
silty to very sandy clay; greyish yellow brown to dark brown; laminated to thinly 
bedded; occasional roots and other plant fragments; coarse sand grains and pebbles 
at base; poorly defined basal contact
clay; greyish yellow brown; sharp basal contact dipping 15°
clay and very sandy clay interlaminated; greyish yellow brown; beds dip 15°; sharp 
basal contact
clay; greyish yellow brown; sand lamina near base; sharp basal contact dipping 
approximately 15°
clayey sand; dull yellowish brown; few lighter coloured lenses and laminae; grades 
into unit below
clay; greyish yellow brown; grades into unit below 
?Base of lake sediment
clay; brownish gray; few light brown, very fine grained sand lenses at top, grades into 
unit below
(unit above reworked sediment from unit below?)
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79.5-104
F4
clay; brownish gray at top grading to brownish black; occasional coarse sand grains; 
coarse sandy lamina at 84 cm; frequent charcoal fragments in lower 2/3
0-21 cm clay; yellowish gray; frequent fine plant fragments; poorly defined thin bedding
towards base; moderately sharp basal contact
21-26.5 silty clay; greyish yellow brown; irregular basal contact
26.5- 28.5 sandy clay; dull yellowish brown; moderately sharp basal contact
28.5- 30.5 clay; yellowish gray; poorly defined basal contact
30.5- 32.5 sandy clay; dull yellowish brown; sharp, irregular basal contact
32.5- 37 sand; gray clay matrix; coarse grained; moderately well sorted; sharp, sub-horizontal
basal contact
37-60 clay; dark greyish yellowish; sharp, wavy basal contact
60-68 clay; brownish black; thin sandy band near base; sharp basal contact
Base of lake sediment
68-91 clay; brownish black; occasional coarse sand grains
G1
0-  1 cm
1- 9
9-44
G2
clay; greyish brown; lumpy in upper 2/3; sharp basal contact 
Base of lake sediment
clay; brownish black; occasional sand grains; few plant fragments towards top
0-12 cm
0-6 cm
6-41
G3
clay; dull brown; sharp basal contact 
clay; gray; lumpy; sharp basal contact 
Base of lake sediment
clay; brownish black; occasional sand grains
12-53
clay; brownish gray; lumpy sharp basal contact 
Base of lake sediment 
clay; brownish black
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G4
0-3 cm
3-8
8-23
23-50
Ml
clay; dull yellowish brown; interlaminated with dull brown, sandy clay; sharp basal 
contact
clay; dull yellowish brown; grades into unit below
clay; brownish gray; lumpy; few, irregular, lighter coloured lenses; moderately sharp, 
irregular basal contact
Base of lake sediment 
clay; brownish black
0-3.5 cm
3.5-5.5
5.5-8.5
8.5-10
10-11
11-13.5
13.5- 15 
15-16.5
16.5- 18
18- 19
19- 26.5
26.5- 38.5
38.5- 40 
40-56.5
56.5- 62
62-75.5
clay; dull yellowish brown; finely laminated; moderately sharp basal contact 
clay; brownish gray; abundant fine plant fragments; moderately distinct basal contact 
clay; brownish gray; few fine plant fragments; sharp basal contact
sandy clay; dark brownish gray; intermixed with plant fragments up to 1.5 cm in 
length; sharp basal contact
sandy clay; brownish gray; abundant very fine plant fragments; sharp basal contact
clay; brownish gray; lumpy; indistinct, wavy basal contact
clay; brownish gray; few fine plant fragments; poorly defined basal contact
sandy clay; greyish yellow brown; moderately sharp basal contact
sandy clay; brownish gray; abundant fine plant fragments; sharp basal contact
sandy clay; greyish yellow brown; laminated; sharp basal contact
sandy clay; greyish yellow brown; few plant fragments; sharp basal contact
clay; yellowish gray; lumpy towards top; few indistinct laminae near base; moderately
sharp basal contact
sandy clay; greyish yellow brown; laminated
clay; brownish gray; few fine sandy lenses near centre; moderately sharp basal contact 
clay; brownish black; occasional fine, sandy lenses; sharp basal contact 
Base of lake sediment
clay; black; few charcoal fragments in upper half
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M2
0-27 cm
27- 28
28- 46
46-48
48-74
M3
clay; brownish gray; slightly silty; becomes sandy towards base; sandy and organic 
lamina at 16 cm; sharp basal contact
clayey sand; dull brown; very fine to fine grained
clay; brownish gray; occasional sand lenses and laminae; moderately sharp basal 
contact
clayey sand; greyish brown; very fine to fine grained; moderately sharp basal contact 
Base of lake sediment
clay; brownish black; irregular sandy band from 51-57 cm with few small pebbles; 
few coarse sand grains throughout
0-1.5 cm clay; brown; finely laminated; distinct basal contact
1.5- 19 clay; gray; lumpy except for basal 3 cm; sharp basal contact
Base of lake sediment
19-33.5 clay; light brownish black; few lighter coloured lenses towards top; distinct,
sub-horizontal basal contact dipping 25*
(unit above may be reworked pre-lake sediment)
33 .5- 57 clay; black; occasional coarse sand grains
M4
0- 1.5 cm clay; brownish gray; sharp basal contact
1.5- 2 clayey sand; yellowish brown; very fine grained
2-5 clay; gray; lumpy; moderately sharp basal contact
5-5.5 clay; brownish gray; grades into unit below
5 5.7.5 clay; dull yellowish brown; brownish gray clay lumps at base; sharp basal contact
Base of lake sediment
7 .5- 49 clay; brownish black; undifferentiated
M5
0-1 cm clay; dull yellowish brown; sharp basal contact
1_4 clay; gray; lumpy; sharp, irregular basal contact
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Base of lake sediment 
4-40 clay; brownish black
M6
0-3 cm clay; brownish gray; lumpy; sharp, sub-horizontal basal contact
Base of lake sediment
3-44 clay; brownish black; undifferentiated
M7
0-  1 cm clay; brownish gray; moderately sharp basal contact
1- 13.5 clay; gray; lumpy; sharp basal contact
Base of lake sediment
13.5-50.5 clay; brownish black; 2 cm band of plant material at top
M8
0-  1 cm clay; dull yellowish brown; few clay lumps from unit below; moderately sharp basal
contact
1- 4.5 clay; brownish gray; lumpy; irregular basal contact
4 .5-8 clay; brownish gray; sharp basal contact
Base of lake sediment
8-35 clay; brownish black; occasional coarse sand grains
M10
0-6 cm clay; gray; lumpy; sharp basal contact
Base of lake sediment
6-14 clay; brownish black; few plant fragments, particularly towards base
(unit above is same colour as unit below but upper two units are texturally similar - 
unit above may result from reworking of pre-lake sediment)
14-35 clay; brownish black; few plant fragments
M il
0-3 cm clay; greyish yellow brown; finely laminated; sharp, wavy basal contact
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3-5 clay; greyish yellow brown; sharp basal contact
5-14 . clay; lumpy; sharp basal contact
Base of lake sediment
14-19.5 clay; brownish black; possibly darker lamina at base
19.5-47 clay; brownish black
